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FLOW DURATION OF KENTUCKY STREAMS 
THROUGH 1990: HISTORICAL AND MONTHLY 
FLOW CHARACTERISTICS, INCLUDING THE 
EFFECTS OF RESERVOIRS

By Kevin J. Ruhl, Rebecca J. Burns, Gary R. Martin, and David P. Allgeier

Abstract

This report presents flow-duration tables and plots for selected streamflow sites in Kentucky 
with 3 or more years of continuous record through 1990. Flow duration describes the frequency 
with which given streamflows are equaled or exceeded. The flow-duration tables were computed 
using values of daily mean discharge for the entire period specified and for each month of the 
period specified. Only complete years of record were used for the computation. For sites where 
the streamflow is affected by regulation, separate tables are presented for the period before 
regulation (unregulated), the period of record after regulation (regulated) and the entire period of 
record (historical).

Flow-duration plots are also presented for each station using the data for the entire period 
specified. Where practicable, several flow-duration plots are shown together. This includes 
stations on the same stream, such as main-stem stations, and stations within the same watershed. 
For stations affected by regulation, which have up to three sets of data available for one station 
(unregulated, regulated, and historical), the three plots are shown together to clearly illustrate the 
influence of regulation in augmenting low flows and reducing high flows.

Stream-site location with respect to surficial geology, which can be generalized by 
physiographic region, plays an important role in shaping the flow-duration curve because of the 
effect on base flow. Streams draining the Mississippian Plateau and Inner Bluegrass 
Physiographic Regions, which are characterized by karst features, tend to have sustained base 
flow even during extended dry periods. Streams draining areas in the Western Coal Field and the 
Outer Bluegrass Physiographic Regions do not have sustained base flow, and many sites have 
zero flow for many days in most years.

INTRODUCTION

Flow duration describes the frequency with which given streamflows are equaled or exceeded at a 
stream site. The results of flow-duration analyses are used by scientists, engineers, and water managers 
and planners for the wise management of surface-water resources. Typical uses of flow-duration data 
include (1) defining low-flow discharges for water-supply allocation, (2) quantifying the effects of 
geology on base flow by determining the standard deviation of values associated with selected points on 
the flow-duration curve (streamflow-variability index), (3) estimating sediment load (Miller, 1951) and the
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load or yield of various chemical constituents (usually monthly or yearly totals), (4) assessing whether 
selected stream constituents are predominantly point source or nonpoint source in origin and under what 
flow conditions or time of year they are likely to occur in significant concentrations, (5) evaluating the 
effect of regulation on streamflow, and (6) determining the value of various statistical parameters, 
including the mean, mode, and median. Also, flow-duration data developed from long-term streamflow 
records are useful in (1) adjusting flow-duration values of stations with short-term records and 
(2) estimating a part of the flow-duration curve at ungaged stream sites by collecting a limited amount of 
concurrent streamflow data (Searcy, 1959).

This report presents flow-duration data for all continuous-record stream flow-gaging stations in 
Kentucky with 3 or more years of continuous record through 1990. The stations are presented in 
downstream order. It is an update of a previous report (Quinones and others, 1980) and incorporates an 
additional 12 years of streamflow record. This report presents annual and monthly flow-duration data for 
the entire period of record (historical), and for pre- and post-regulated periods (unregulated and regulated, 
respectively) at stations located downstream from major reservoirs. As more data are collected at existing 
gaging stations and as new stations are established, it is helpful to water users to update the flow-duration 
data. The USGS and the Kentucky Natural Resources and Environmental Protection Cabinet, Division of 
Water (DOW), entered into a cooperative agreement to update the flow-duration data and publish the 
results. The flow-duration data are based on daily mean discharge values for each station. A map showing 
the location of the stations used in this report is given in figure 1, and a listing of the stations is given in 
table 1 (located immediately before the Appendixes).

The U.S. Geological Survey (USGS), Water Resources Division, has collected continuous-record 
streamflow data at selected sites throughout Kentucky since 1907. From these data, values of daily mean 
streamflow are computed and have been published in a series of USGS reports. Data are stored on 
computer in the USGS National Water Data Storage and Retrieval System (WATSTORE), and are 
available to water-data users (Hutchinson, 1975). The data are also stored on the USGS Kentucky District 
computer system in Louisville, Ky. These data are available for use in a variety of statistical applications, 
one of which is flow duration.

The flows at most of the stations operated by the USGS are unaffected by regulation. However, some 
stations are located downstream from major reservoirs. These station records include streamflows affected 
by regulation but they also usually include streamflows collected prior to establishment of the reservoir, 
which were not affected by regulation. If the flow at a site was affected by regulation, 3 years of record 
under each flow condition were needed to perform the analysis for the regulated and unregulated periods. 
An analysis containing the historical record was also performed. Three stations in Kentucky were operated 
for less than 3 years before the flow was regulated. Therefore, a flow-duration analysis was not performed 
on the unregulated period of record, but only for the regulated and historical periods. The stations affected 
by regulation are listed in table 1, which also includes the period of unregulated and regulated record and 
the source(s) of the regulation.

DEFINITION AND INTERPRETATION OF FLOW-DURATION DATA

Flow-duration curves have been used since the early 1900's (Foster, 1924) and are applied in a variety 
of ways to hydrologic studies and projects. The techniques used by the USGS are described by Searcy 
(1959). The flow-duration curve is a cumulative-frequency curve that shows the percentage of time that
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specific discharge values were equaled or exceeded based on a given period of streamflow record. The 
flow-duration curve does not provide information on the time sequence of the discharge values, but does 
show the flow characteristics throughout the range of values sampled for a specific time period.

The flow-duration curve for a particular streamflow-gaging station is usually based on all observations 
of daily mean flow for each complete year of record for the historical period. Instantaneous observations 
are sometimes used, bul they limit the range of flows sampled and usually do not provide a well-defined 
frequency. The daily mean discharges from a continuous-record streamflow-gaging station provide the 
sampling necessary to define the flow-duration curve through all flow regimes. In the USGS flow-duration 
program, the data points are arranged according to magnitude, divided into a range of classes of discharge, 
and the percentage of time each class of discharge is equaled or exceeded is computed (Dempster, 1990). 
A curve can be drawn through the points, usually using logarithmic-probability paper, or the data can be 
presented in tabular form. For this report, a program was written to perform an interpolation on the output 
from the USGS flow-duration program so that a discharge value for a discrete percent exceedance was 
determined.

The daily mean flow data can be subdivided to evaluate the effect of season on flow duration. One 
approach, as was done in this report, is to perform the analysis on a monthly basis. All of the flows for a 
particular month during a specific time period are grouped into a single data set and the flow-duration 
analysis performed. This allows a user to evaluate the magnitude and the associated duration for just a 
portion of the year. This is important for water-supply assessment in particular, because monthly analyses 
allow lor a detailed evaluation of streamflow during the low-flow months. The monthly analyses are also 
important for surface-water-quality assessments because selected constituents, such as herbicides or 
fertilizers, tend to vary in concentration seasonally. Values of discharge for selected exceedance 
percentages for the historical period of record and for each month are shown in Appendix 1.

A flow-duration curve is only representative of the period for which the data were collected. 
However, at sites where long-term streamflow records are available (greater than 25 years), the curve may 
be used to estimate future discharge probabilities. For stations with three or less years of record, significant 
changes in the distribution of flows as given from a flow-duration analysis may result if that record 
contains one or more years with higher or lower than normal streamflow. As the length of record increases, 
the accuracy of the flow-duration curve in providing an estimate of the long-term flow distribution also 
increases.

VARIATION IN FLOW DURATION FOR STREAMFLOW-GAGING STATIONS IN 
KENTUCKY

Results of the flow-duration analyses for continuous-record streamflow-gaging stations operated by 
the USGS in Kentucky with 3 or more years of record through 1990 are shown in tabular form in 
Appendix 1. The tables contain values of discharge for selected exceedance percentages using all of the 
data for the period of record specified and for the monthly discharges for the period of record specified. 
Flow-duration plots, which include all of the data for the period specified, are given in Appendix 2. Plots 
using just the monthly data are not presented. When practicable, several plots are shown on the same 
graph. This includes stations within a single watershed and stations on the main stem. If applicable, plots 
that include data from either the unregulated or regulated periods are shown along with the plot based on 
historical record.

4 Flow Duration of Kentucky Streams Through 1990: Historical and Monthly 
Flow Characteristics, Including the Effects of Reservoirs



The shape of a flow-duration curve for stream sites in Kentucky varies, particularly at the high 
percentage exceedance values. The shape is dependent mostly on the base-flow component of streamflow, 
but can also be affected by time sampling or local diversions. Surlicial geology, which in Kentucky can be 
generalized to some degree by physiographic region, plays an important role in the amount of base flow in 
a stream. The Physiographic map for Kentucky is shown in figure 2. A map showing generalized 
carbonate areas and surficial karst development in Kentucky is shown in figure 3. Karst areas are 
characterized by sinkhole development, underground solution channels that transport flow, and limited 
surface drainage. Streams draining karst areas often have sustained base flow because the water is released 
gradually, over a long period of lime.

The USGS published two reports for Kentucky that documented the use of a statistic calculated from 
flow-duration data called the streamflow-variability index. The value of the slreamflow-variability index 
was calculated for each gaging station with 5 or more years of record and was used in conjunction with 
surficial geology to delineate areas of similar basef low response in Kentucky (Ruhl and Martin, 1991; 
Martin and Ruhl, 1993). The result was a streamflow-variability-index map, and a generalized version of 
the map is shown in figure 4. Areas having a low variability index (areas denoted by a " 1") exhibit 
sustained base flow, and for the most part coincide with areas of karst development (fig. 3). Some areas in 
southeastern and extreme western Kentucky also exhibit sustained base flow, mostly because of 
subsurface confining layers that apparently resulted in ground-water discharge to the stream over an 
extended period (Martin and Ruhl, 1993). Stations draining areas denoted by a "2" in figure 3 also showed 
sustained base flows but not to the same extent as those in area I. Areas denoted by a "4" exhibit little 
sustained base flow because of the well-drained soils of Pennsylvania!! age and alluvial deposits (Western 
Kentucky Coalfield), or because of Ordovician age limestone that is fairly insoluble (Outer Bluegrass). 
Flow-duration curves for stations in the Eastern Kentucky Coal Field (areas denoted by a "2" and a "3") 
generally fall between the two extremes.

Three groups of plots provide an indication of the effect of time sampling on flow-duration data. The 
plots on page 190 are for three stations in the South Fork Licking River Basin. Two of the flow-duration 
curves were developed from data collected over many years, but the curve for South Fork Licking River at 
Hayes (03253000) was developed from record collected over a short period (3 years). This short period 
includes record collected during a severe drought period, which accounts for the sharp drop in streamflow 
values at high exceedance percentages. Because of the short record, the drought had a major influence on 
the duration curve. Conversely, the other two stations were not in operation during this period and 
therefore the curves do not show the effect of the drought. Time sampling also affected the duration curves 
for the main-stem Ohio River stations shown on pages 174 and 175. Two stations, Ohio River at Louisville 
(03294500) and Ohio River at Metropolis (03611500), have long-tern! record. However, duration curves 
developed from station records for the high-lift dams constructed in the late 196()'s and early 1970's 
indicate bias towards high flows, in particular the curves for Ohio River at Greenup Dam and Markland 
Dam. The reason for this bias is that the period 1970-80 was characterized by above-average rainfall 
(Conner, 1982).

Local diversions may also affect the flow duration. The curve for South Elkhorn Creek near Midway 
(03289300), shown on page 210, shows sustained base flows, much of which is the result of local 
diversion. In this case, water from the Kentucky River used for supply by the city of Lexington is 
discharged into South Elkhom Creek. This is probably the most extreme case of the effect of local 
diversion for stations given in this report. A listing of streamflow stations where the record may have been 
affected by local diversion is provided in the report by Ruhl and Martin (1991).

VARIATION IN FLOW DURATION FOR STREAMFLOW-GAGING STATIONS IN KENTUCKY 5
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EFFECTS OF REGULATION ON FLOW DURATION

Regulation can have a significant effect on the downstream flow regime. Sites where streamflow is 
affected by regulation are included in table I and are shown in figure 5. Streamflow stations affected by 
regulation were analyzed using data prior to regulation, after regulation, and for the total period of record 
(Appendixes 1 and 2). At least 3 years of record were needed to perform each analysis. An effort was made 
to segregate out the construction and filling period of each reservoir that affected streamflows at the gaging 
station. The unregulated period contained only the record up to the beginning of construction. The 
regulated period contained only that record after 'normal' operating schedules for the reservoir had 
commenced. The historical period contained all of the data, including data collected during construction 
and filling of the reservoir. Therefore, slight discrepancies may occur in the tables, especially for values at 
or close to 100 percent exceedance. For example, a zero flow may be observed for the analysis using the 
historical period of record (which may have occurred during construction or just prior to normal operation) 
but not be included in either the unregulated or regulated analysis. This only occurred in a few of the 
analyses.

Normally, high flows are reduced in magnitude and low flows are augmented by reservoir operations. 
Low flows can be significantly changed, as shown in the flow-duration plot for stations Russell Fork at 
Elkhorn City (03209300) shown on page 163, and Levisa Fork at Pikeville (03209500) shown on 
page 165. For both stations, high flows showed only minor changes from pre- and post-regulation, but the 
change in low flow was quite dramatic. For selected stations, such as Licking River at Farmers (03249500) 
shown on page 184, the effect of regulation on high flows can also be quite significant.

Flows at some stations that have no unregulated period of record and that are affected by numerous 
reservoirs have been plotted together. These include the main-stem Ohio River stations operated in 
Kentucky, which are presented on two graphs one on page 174 showing the group of plots for stations 
upstream of and including Ohio River at Louisville (03294500), and the other on page 175 showing the 
plots for those stations downstream of the Louisville station. The main-stem Kentucky River stations 
below Dix River are also grouped together (page 209) because the entire period of record is affected by 
outflow from Herrington Lake.

Flow in the upper part of the Cumberland River is affected to a minor extent by Cranks Creek Lake 
and Martins Fork Lake. However, the influence is not known precisely but is presumed to be slight. For 
this reason, the record for station Cumberland River near Harlan (03401000) was analyzed as being a 
regulated site. The influence of the two impoundments on flows at main-stem Cumberland River stations 
farther downstream is considered negligible, and, therefore, only the historical period was included in the 
analysis. Cumberland River near Rowena (03414000) is the outflow station for Cumberland Lake. Even 
though regulation occurred starling in 1950. a change in the release schedule occurred in July 1984. 
Therefore, the record used in the analysis for the regulated period is from 1985-90 only. Similarly, the 
unregulated period for Cumberland River near Grand Rivers (03438220) and Tennessee River near 
Paducah (03609500) includes data collected starling in 1967, the year after the Kentucky Lake-Lake 
Barkley Canal connecting the two lakes became operational.

EFFECTS OF REGULATION ON FLOW DURATION 9
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APPENDIX 1

TABLES SHOWING FLOW DURATION FOR
THE COMPLETE AND MONTHLY RECORDS

FOR THE UNREGULATED, REGULATED,
AND HISTORICAL PERIODS FOR

STREAMFLOW-GAGING STATIONS
INCLUDED IN THE STUDY
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STATION 03216500 LITTLE SANDY RIVER AT GRAYSON, KY 1939-90 HISTORICAL

DISCHARGE (cubic feet per second)
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inOinN-o«-
»* 00 O «O fM «- 00

«-«-fM>a"Ooo»-
tr~

O^fMOOKir-

KI KI >* in r- «- in

II II II II II II II

ooooooo

S inooooo 
h  h  <Oin»*Ki

,-fMOsr
«-ino>Of-.>»
*~*~ »-fM

N--OO-O

«-ino>j-infM«-«-K>in«-in

00

OO«-fMN-vOOO 
«-fMKI^)O

rooo^toino
OfM«-«->»O
^ «-fMKI>»>O

fM>»^0

oinoooin-o 
fMfM>»r-Kiin

00>OI^Kl

>» r- oo fM »» oo fMfM>a-N-or-

«-inoo>»

§«  o
fMO
^ fM

oin«-Ki
in«-ooh-Ki

«-«-«-o
K»r-inin«-r-
fMfM»*«OfM>a-

^^

OOfM»-fM

>O«-fMfMinOO
fMKimooinO

 OON-OO

fMinh-in-OO
^ ^ fMsrr^m

OKlN-OOin

Kir-r-oooo
«-^-fM>»>OO

r-r^>»o«-
oofMoooor-
«-fMKI>OO>S-

II II II II II II

oooooo
inoornfM«-
fMfM«-

§

1

8.

CD CD ^  Kl O* h Kl CD O> 00 CD CO 
CL OOOOOfM-J- h OKlO

OOO«-KIOOOO 00 »» Kl»» Kl»»in OO 

CO " " ' " "«-^

   fMin N-^->*  ̂ -O in i «-K>Oino

JO«-K»fM «- N- r- co^-co

mm >a-in
fMKI

^ h  fM Kl *O f\J *  00 h O^OinOfM h fMOOOO
X ^ ^ ^ fMKIKI -^ in h  O Kl 00 *O s^^O^^ON»s^

OC O Kl-O fM «->Q 00 OOOO <Oin«-KI OKIOOOO
CL Kl Kl Kl »* <O 00 O fM-T'OfMOOin in^^-OKIO
< ^- ^-^-^-fM fM Kl in  OCOinN-KI'O

U OO-OOD 
U
xacOC OKI-*«-O>OeO. r-ininOO>Or-f>- OOOOOOO< KI in vo oo»-in oo «- >» Is- in in o «- in «-in r--o fM

X ^ ^ ^ fMfMfMKIvfinOO OfMfM>O-rf^-
«-fMKI<OO

-------- 5e8 o?OK>oor

>«-»a-«-vj-«-O -a-r-oo

O fM »» 00 -O «- f>- fM-O
CD CD CD CD fM h KI fM co co in >a* go"

CO«-OQOO

^ r-oooo 

«-fMin>o

fM inr-^^O'ON.in oo«-ooo

t  ooooocvix*- r^ CM eo fvi oo-o-j- r-->
CJ ....... ....... .

«  ̂ -KI inv
^~ c\i r  oo

 a OKI>OOO«OOO
!o      *"        "^ .   .

a. cj o f\j-O KI« « moo-J-fM ooooooo
£LU «  fMKI«O^-O»  OKIOOKIOOinOoc «  ̂ -KI Kiino^-oo 

II II II II II II II II II II II II II II II II II II II II

o c omooooo ooooooo oooooo
_ 4) ....... ....i.i ......
t  u oooooinoin omooooo inooinrM*-<t L. ooor - -   ----- - -.-.
^2L "

»ooooo oo r- h- «o in »* KI fMfM«-

77



g

1$
(A

&

>OOCO OS.

« « «  rvi ro ro s. in >o oo o«-rvirooo«-rvisr s-ooosreo«-rooe5

os-srooorvio o«-roinroS-s-

omorvioinrvi«- ro -» S. in oo in O->o
«-«-» »  rvi rvi ro

srooroeoooin rviomrorvi
«  «  rvi rvi oo«  in «  omsr«-<

o oo sr co in in in
>- sr'Oorvico'ocd < rvirvirvirorosrin frvis.'Omsr Osroooo>o«-in«-o orocoeos.o

«-«-rviro roinoooroo

>«- srcO'OoeQro «  « « foineoo

orviorooosr z ^-roo«->oosr 
< «-«-«-rvi rvi roro

inminoooo in «- in "O >*  ^ o
(\i ro ro st >o oo «-

 -s-inco-ooo
O* st O S. >* (M  Oro >* in >o o rvi in

oooooo O'Oooorvis. 
rvisforviS.ro «-«-rvisros.

oooooo «-«-rviooo 
oroosroco «  rvi in o >o rvi

O'Orviinsrcoo
u o o o « in «r-oo o^~s.ominro oooooo 
ui rvi rvi ro ro ro sr o ros-oo«-moo rviomins-o 
Ot *  ̂   rvi ro sr in S* o^rvio^^o^Qoo«-rvi in eo rvi

eo sr in s.«-sr rvi 
O o'«^«^«-^inrvlcd in rvi «-^ si in «-

in in in >O rvi in rvi rviooromoo

srinooeocoo ororvi

«- ros-«-ooo 
coos-rviosr

_ _ _ «- T-OOOOOO
«- rviroino'ooO'O rvirviin»-s.rvi^-«-rosr o

x o o  -«-

n n ii n n n n M n n n n n n n n n n n ii
_ >j
3 c oinooooo ooooooo oooooo-. <u ....... ....... ......
  u oooooinoin oinooooo inoomrvi*- < t- oooooooo oo s. s. >o in sr ro rvirvi«-

u

5

-I U
< eoco  

o

inos-osrooo in«-inooos.o------- osroocoo'O«
«-»-rvirvi ro~~ ~~ ~ ~" '

«- «-»-rvisroo

oms.
is in sr rvi«  s.«- o «-sr«-orvioo oooooo 3 «-srosr^-Osr o ̂  sr rvi in sr sr inoo^os-oo < «-rvirviro srsrins-orvis. »-^>srrooo

«-«- rvirvisrS-rorvi »-rvi

inrooo<-rvi>os.
(Minoomooo -rviroin

rviininoooo ______
oooooooorvio ooiooooin o s-o rvi s. ro oO'Osrooroin«-»-rvi rviroo«-«-o

<r-rvirvi

z oorooorooos. moooooo oooooo
o roro^o«-srcoro s-«-'O'OS.rvi«- inooooo-> «-»-rvirosro s-ooros-rorvi ooeo<-inooo«-«-«-rviro rosrosr^oco

 -rviro

vostS.srsr«- «-rosr>oco«-r co oo oo oo in O in in oo «  S. >O oo in  - r-rvirvirosfO

)srooooo ooooooo oooooo)ooos.o«-m «-s-osrrooo oooooo
«  «-«-rviro ro sr sr in s. o «- ro>Oin>oooo«  «-«-rvi ro sr in

ooooooo ooooooo ooooooococ srosrinrorvio <-oo >o rvi s. o o oooooo
>-3L «-«-«  rvi ro sr sruros-o^ in co«-sr3inin«-«- «-rvirosroF-

OOmioooo ooooooo ooooooro 'O sr ro o sr s. omin«-sroo oooooo«~ ro m S- rvi rvi«  oomrviooos-o sfin*1-* ^~o
«-rviro rosrinooooro OO«-roinuS«-»- «-»-rosr'ON-

rvios-minooOroooosrrvio«-rvi ro ro >o sr o -rvi

ooooooo (Mooomoo inoooofoino

«-f\i rococo
ooooooo ^o^o rvi oo o o ̂ o o ro s. m o»- rvi  -«-«-rvi ro in s.

srs-inoooo o oo s. rvi in o oo ininooiMOO

oooooo oooooo rO'Oin*-Oin 
srs-ooooroin «-«-rvi ro in >o

oooooo 
rviooooo o rvi oo sf rvi ro o«-oooorvisr

om 

CMinofMNOoin

>rvioooo

oooooo rvi«-«-cosro 
rviooooo «-«-rviinoorvi

_>o in ro«-NO oo o r\i ooooooo oooooo1.0 «-o vt co O oo <M s. in s. ro sr in o oooooooou »-»-rviroin oooos-s.«-rvi  os-sr«-rosr
XL  - -rvisT'O S.ON.oorviin

n n n n n n n n n n n n n n n n ii n ii ii 

oc oinooooo ooooooo oooooo

78



ox 

o

CJ

1
21

a. in to in vt N-OK N- vt N-cj N. ox <o o ooooooui «-in co >* «-in ox M h-<\j <\j m >* in N-cgtotooo
V) » (MfMfM ro M v* in «O CO «  fO-OO^*fM>O«- <-<-ro m <\j co

vt in in h-o--to oo M<

 J O ̂ * O <\J rO *O CO >O^OinOOOO O Q Q Q OO3 to <O o <o oo to vr sr vt jjr oo eo to ox cvjrooooo

oo ooooooo oooooo 

«-«- «- t\i <\j <\j ro in N- eoos.oocjf>

«- «- «- <\j M in »o

ooooooo ooooooo oooooo..* N. »-vt vt to in >»r»-<\joooo oooooocooin«-ooxin «-eor»->»<\jr».<\j ----- -< cooin

§ >toxmooo ooooooo oooooo
OsxOO"-OO OCOOCJCJOO OOOOOO.- _.  --j^j^j M o ox >* fO in >o oxo<\Jin>*«-co >*ininr>-ox«--* - -- - --

OOvtvtS-OxOO OOOOOOO OOOOOOz  - ox ox in «  ox in  -in o <\J >*  «M o oooooo
^C &1 &1 fO ^f Ox ^3 hO Ox ^f C3 fO ^

'i^ ?-'^ i\i-5 DS ^b

U CJCJN-OON-in OOOOOOO OOOOOO~ ------ ---- ---- (MOOOOO
r** CD >^ >^ CD r**- 
O^rjo^coineo

> rjoeor-vorjo orjooooo oooooo

oooooo
o «-«-«-«-<\j*\j roro>tin<oeoo

in co >* o >* eo eg s-oooooo oooooo«-«-»o <\j«->* oo >*>*N.CO-*<\J^I s-ooooo
^^fo^^ cooeoeoin^

n n n n n n n n n n n n n n n n n n n n

_ c Oinooooo ooooooo oooooo
_ 0) ....... ....... ......

o ooxoxeomoin Oinooooo inoomcj*-
(_ O Ox Ox Ox Ox Ox 00 00 N-N-<O in vt fO CM<M»-

O «  <\J >*>* O M vOO^*^OOOOa. oooo«-moo <-xO(VJinxOin>«' co«-o 
w CD «-^<r^r»JMincdM xo"|iorJo»coin

«->»8
u
» orjmo>oo>>* co oo rj to
S o o o»-vt ov-o vt to to co o vt vt co«O(\J 

o  
3 O «- IM M >»  XJ O >»  <M OXOXin«->Q«-< «-«-<\j rjtocON-eoo

o oo vt to ro in oo orjm< ooM>or«-o«-
QX _l .......

> 3 o «-i>o>» in «o r«-ox M eo ox . .. _.. _ _ox -i «-«-t\i roinooOvtin
§

ocoovtoxinin ro
oo z      lf*' tft ."^ "^ . ."^ ."^   ."1

- - - - O"-ror--rorjo» M>*r«.>*<_ _
> «-«-<\j M >* ^jcoeo^in^

o> *~

«  ^^-^^.^.^j

o 
o
V

^ +  ̂  ̂  <\j t\i ro ^ >^ in ̂  co *~ in <\J 'Oroin'OCNJN* < «-«-<\j (\jroincoin<-=» "~

Z p a) u
9£O£ h-»-vt N-<O fO S- O>O>O>OOrjOx OQvOOOOOO< « rj rj rj to in <o r^oxovtoxvom <-o(\Jinoeo 

1
_ oC roineo-*«-N.in <\j«-^ui as .......

o ui eo cj vt vt in cj vo  ^ oo«-^QOxo jO«r«rQOQ
   Q£

3 3C ----- ^^jj^ 

U
I- (A
Ul   OOON-O 
O Q ~

o ^ v^^^^o^o*^ <\j fo in c\j ^o ox ̂ o m^^ooooo
Ul -J «-M>* inxOS-OMOON- ~"~ ~ ~ 
O ^-^-^.<\J ...... __-^.

OOO t*\ Iu ....
ui o roeoro oOvttoom-j-N-

c< 
u
_ )^-«O«-Ox eo»Oin
g OO^*(MOxeO«O S-CM O fM CO ^* fO S- 

>   
O O

S o ̂ -<M >» oj eg M «* N- «  »o in >*
i  oooorjeOvt h-oinmcMinin csiinvto ....... .......
O o «- >  fM <\J M in eo >*

i
 O Ol - _ , . _ 
IO£ OOOfOCMN-in

O 3.CJ O '-OJ^ «OOXMxf>*[O^J CD^-OxinOO
o

^ II II II II II II II II II II II II II II II II II II II II

_ c Oinooooo ooooooo oooooo_ <u ....... ....... ......
  o ooxoxeomoin Oinooooo inooinfNJ* coN-r>-xoin>*M t\i<\j«-

U)

79



_J 
o

i
</>

CJN.
10

^
o*

oc 
o. </>
I'

LL.

oc
UJ
z

UJ 
UJg
1

o 
o in
§
<M

s
>  
> 
(A

second)

c.

4-> 
4» 
4» 

«*-

O

j3 
o

UJ

DISCHARG

o.
</>

i
_J
-t 

z
-s 

>-

X

ae.
Q.

if 

u
KOC
>-X

c
2 

CD
UJ 
U.

Z
< -s

u
o 

>

> 

o 

JJ
JJ Of

3. U 
EUJ
5 oc

z *->
3 C
  U
< c.
X 4?

a \^

OOOO»-<\JfO
ooooooo
o

OOOO<M-J-vO
ooooooo
o

O O O «- vl- CO <M 
OOOOOOr-

o 

o«\j>a-oo<\jeoio
OOOO«-«-«\J

o 

o <M >»  eo >*  «- «o
<M <M <M <M fO >» >» 

O

o fo N. in co -Q «- 
>* >* >*  in ̂  oo o
o «-

oin«-oo<OON. 
f» >»  in in oo f» in
o «-«-

OO<MN->*in«M 
«- fO fO fO  >O fO N-

o «-«-

o (M >*  eo N. o N. oooo«-mo>
o

o o o »- >»  eo >*  oooooo«-
o

OOOO(\J>t<O
ooooooo
o

OOOO»-(MfO
ooooooo
o

OOOr-fON-«- 
OOOOOOT-

o 

II II II II II II II

omooooo
oo>o>eoinoin o6>o>o>o>o>eo

>tin<oeooino
OOOO»-»-<M

§o«\jN-fooin  -T-T-lVJfO^

ineo«\J»-o>«-o 
»- «- (M fo fo in N.

N-«\J«O>J-IOOO«- 
 vjfOfO^in^o*

<MN-»OO>eO«-*O
inm>ooo«->Oin

«-«-«M

»o «- eo -^ <M «o «M «-K>>»> eoro<\JO>
«-»-«-«- CJfO >* 

«-fOO>foeoinfo eoi-^inofoeo
«-cj«\jfOinN-o>

(vio«-o>oeoin 
Ofo^ojvjin^fo
rj<\jcjro>t<oeo

«O «O >» o> in to in  vj^^ooF-K-o
»-«-T-«\j«\jfOin

O'OfO^O'OCJ 
(M«\JfO>O«-'OO>

«-«-CJ

g «-«\j«oo>'Oeo «-«-«-«- «\J fO

>*  «o N- o> ro «o o> oooo«-«-«-

in O> «O >*  in «O in
*-*-«\J>l-^.fO«\J

«-<M

II II II II II II II

ooooooo
omooooo eo N- N- «O in >»  fo

>*eo«ON.fOO

<MfO

vi-cgmofvi m^fOO>s-»-
T-OJN-O

(Min«ON.in 
eoofoK-ro«O

N.«Minin
OfOfOlVJOOJ

 -T-JVJ^^fO
«-CJ

«-ino 
ro N- >*  in <o <o
ro^o-infoeo

«-«MfO

eoo>
<MOO<M<MOr<-

«ON-foeO'O«*
«-«-<MfO

intvieooinr^
<-roN.(viroKi«-«-«-«MfO»*

O
<MN-fO»OO><M

o>omoo«O
«-«-CJ«\JK>

in«\j
O>OO>PJOO>

inN-o^O'*-
»-«-«-«M 

oi^O^T-JVJ

fomo>fOO«o
«-(M«M

«-corooco

*-fO>OO

(MN-o>roo>eo
<M«MfOinN-«M

o«-oxo>roin
ro >*  eo fo o «o

«  fVKVI

II II II II II II

oooooo
inooin<vi«-
<M«M«-

_l 
u

i
v>

0o.

ino>

>-
^
C3*

QC 
Q. 
(A

i
u.
t 

UJ 
UJ 
Of.
u

Of.o

_̂J
UJ

s

13289000

t 
t  
CO

second)

c.

4-> 
V 
V

M-

0

!2
D 
U

UJ

DISCHARG

o.
v>

u

_J
-s 

z
-t 

>-

ae.
Q.

I 

U
xae.
>-x
E 

Z

CO
LU 
LL.

Z
< -t

u
o 

>i

t 

o 

JJ-Q 
JJOC

s!8
EUJ

_)

DC
  O 

^ O 

QX^

O O O «- vl- O- 00
oooooorvi
o

oo«-foeofO«o 
oooootviin
o

o«-roN.>oroeo 
oooorooovi-
o «-

OfOfOO«\J«\JO>

O «  «-«M 

O(MO«MfO«M«-fOO>«\jin«\j»-o

o>*N.oeo<\J o «- in «M in «- N.
>»  in in «o N- o> o

ooco-j- 
oo(\jo>in<oo
>»  in «o N- o fo «o

0«-«-[OfO
N. in «M K. «M >»  »-

O N- «- N- (VI N- «M
fo eo «- in N. <o N-

o«\j«-<\Jfoeo«\J *-ro>tN.>«-inro
O «-CJ>*

o <M >»  eo o> «- eo
OOOOfOQitM

o «-

oo«-foeOfOO> 
oooooro-j-
o 

otvi^eo^N-<o
0000>t(\JO

O «-«\J

n n ii n n n n

omooooo
oo>o>ooinoin o o^ o> o> o> o> eo

inoO'-comro^O

eooo>»".*o>«-o 
 -^ocoeocjfo
«-«-«\j«\jfOinN- 

o>incj«o>» eofo
r-N.fO>f vOO^tVJ

cj«\jfO>*in«oo> 

^- N. ro r^ <M in o-
rofO>*inN.O>«\J

O>«\J«-«VJ 
N-infOK>«ON-O>

in <o N- O> <M N- in 

>t<-eoeooeoo
rvj »* in o> in *- « 
«- «-«-*- «\JfO>t

<o «- o> o> N- «- >* 
^ VJ^ON-O*^ 
«-«\J«\JK>fO>*"«O

«- fo in o N- «o «- «   «   «   <\j f^ fo in

o^ ^3 eo ^^ ^^ oo ̂ K
in N. O> in fo <M in 

<-N.«-(\JO
OO^O^O^M

eo^ininin^eo
N-«->tON.eOfO

00 ^* 00 ^3 *"" ^^ ^^

«-«-«M 

II II II II II II II

OOOOOOO

S inooooo N. N. <o in >»  fo

S^caror-
in N. N. o <M o>

T-^O-fO

eo^T-^
eo»-fOOfOO

 -CJ^ON-

inN-<o<o
«->*eooo>«\J «-«-<Minoin

ino>o>inoo
«-«-fO«OCJN- 

«OO>N-

«-eo«\jfON-o> 
ro fo eo >*  fo «\J

«-«\JfO

O>QN-in<OO>
>t^oinfOfO

*-«-«\JfO

5Sfe>,

ino>fOino>N- 
N. eo >t o >*  in

 -IMfO^

coco
O«-fOO^JO> 

^-«-«\JfO

>* «-
>*N-«\JOOfO

eoo>roeo

O>O«O«O«OO>fO
«Oeo«Oo«\J«\J

«-fO«OO 

O>fO«\J

fO^OOfOJVJJVJ

u n u n n u

oooooo
inoom«M«- 
<\j«\j«-

80



-*"* O

-» n so
 »roro w *- ui ON ->i -si oo oo -o "O "O «o >o o -i >  »ro-ioo-i ooooovno uiouioo<o<oo o  < ...... ....... ....... n  

OOOOOO OOOOOOO OOOOOV.no 3 O

II II II II II II II II II II II II II II II II II II II II

O « IN) 00 CM/1
oooow-r*

>ororo-»roo

-sioro-»o

_ _____ -o.uiw-»-»-»
_ \  »  » v_n  »-si CO  »  »<O ro o oo OOOOOIN)   - - - -- --- »ui m

.-._.<OJ
 * 00 O Will/1 "xj
oooooo

ui-p>wroro -»-»
->iro» . _  sj ON 00 IN) Ul O

3
doooS.<5oo ONWIN)-P>->OIO 
OOOOO O-P> IN) «IN) Ul W

l\) I\) _>-*-* _»

>-»IN)O 00 ON-IN WIN) IN) IN) - ->
. _-.4>.p»-» -sjwpo«.joouiro

>00000 -FN-NJON ~

-!-> WIN)- - - ->
-i->oro->iwiN)o
IN) .IN ON 00 ON O ONWI IN) O* IN) IN) *O 00

-»-sl 00 O ON -sj IN) Ul
 p>  r>wro-> 
oo o-»-»ro

-^o-soooow

S
OONON|N)0 OOC - . _ . 
O IN) *NJ l_/l \J\ CO "Nj -IN IN)  * (

0»- 00 00 IN) IN) W->

 8

ooo

8

- us -»roro W.INUION-SJ-SJOO ooooxD'O'Oo -i  »
-TOU1OOU1 OOOOOU1O Ul O Ul 00 <O «O O O  I

II II II II II II II II II II II II II II II II II II II II

._ wwrorororo-* n-
O W 00 IN) O Ul -  ON ro-si Ul-» O V-/1 Ol

..... ....... 301 «IN)OON|N) --------  

ON-» XD-» ON VJl V^l-P--*"-WW WW IN) IN)IN)IN)- -»-  O
-»*»O'>J.p«W-» -O-<l ** IN) «-<l Wl O

00 WI IN) 00 ->| -  Wl 00 W 00-  <O « > O

Wl « * « IN) -  -» -»-»
w ** oo -«j -»j * « ro o op -s
O W \J\ \J\ -  \^I 00 v^l ON W** ** w IN) ro i\) ro z Wl -  IN) 00 ->J ->J -  O

-S-^ -  OMN) O -S ON O*

ooroo.r-00
WI ** *- M IN) IN) IN)
ro-SIN) woo ON wi

W PJ l\)-»-»-»-» -»

...... 00
oui-sjouio a:

i -  oo -«j o» ** 
ooorow-»

3070

 > -sj Ul -P-PO IN) IN) > »
w-T^^ro^wi O-1-N|N)^ _ O V-/1 ro V-/1-  ON Ul ON O xSxD-l-^ 6» -  Ul NO -if* IN) O  <> "O

-  00 ** O *» IN)^^  *

ioo-p>uiONi\) -  oo ON ui -IN -if* -p« wwwrorororo *- 
----- - - -»rov_n.i^-siroo -Njwiro^oo-sj-sj c

oooworo-j 
bbln

vi f*. w w w ro ro ro ro ro ro ro-»-»  >
o j-»roo

IN) IN) IN) IN) IN) IN) IN) V>
i -» ON -» XD oo

o
o $   -<

\ /

i

 o
8
8



OOOOO«-«M ......
<x ooooooo ooooooo «-«- 
Ul ....... ....... ......
U) O «->OM

nj

OOOOO«-f\J MM»*»OI^O*M I^Ml^ t
u ooooooo oooooo*- «-<M»OI^MO
< o rviorvi»  ro

OOOOO«-<M rovj-inr^o^i-in inocoo N. _i ooooooo ooooo«-r\j roinrvirovj-
nj -» o r\j|»^o«- 
in orvi o>

oooo*-f\iro in<oi^«-coi^o >t«-o*o> 
z ooooooo OOO«-«-<M»* inl^moin
-» O rJCOfO*-p^ «  

o KI >o«- oo N; in r*)»T<

Z O ' "«^r-OJ f\J f*i 01^-* O»-»*eo<o

4) C3 C^ ^- I*O 00 ^J *O C3 rO *O    ̂ ^ ^~ *"* *^ ̂ f
of rvi ro ro vi-in co o «-rviro>ooinr^ co<Ovi-o
< o «-«-«-«-«- r\j m vj-sooor^o»-»*»-in

K

<U
4) U C3 ̂ ^ in C3 C3 *>^ O* C3 v^* fO C3 «^ 00 C3 O*

of of oo« roincoo MinKiOJO>^'>o » rooN- 
o >-x o "*""" -  ^«^«-^r\i<\j»*>o cdrJotnoQ

1 u
E o«-njinroO*O* »--.»OMin«-eo _. _ _ co oooo«-roin r«-ooo^-ococo oefimr-

O Ul ....... ....... ....
of u- o «-»-»-<\j»* >oo*«-r\Jin»* 
< MI^M<O
u

o o»-f\j»*»-ooo o o rvi co in vj-vj- . _
Z C3OOO»-«-M »*in>OOsMOs«- >O<\JN-O

o ' *^»-^ro »*vO>o»*eonj»-ino>a-

g
u.

u ooooooo «-rvi rvi vj-r^ ro rvi oinoo ui ....... ....... ....
o o «-nj roinocoorvir\jin»-»*

oooo»-<\j»* inr^coinrooro »-njl^ 
> ooooooo ooo«-r\JM>o osMino«-os  * o ....... ....... ......
z o »->s-l^ » >* 

»-inl^

< ooooo«-nj MM»*>OI^ON>O ocoo«-nj 
t- ooooooo oooooo*- rvjnji^>s->s-o
o o »-ino*rvi

i
  o oooor-Min »oeoo»*«-r -. ....
UOf OOOOOOO OO«-(MinOO «-Ols~COO
_IO ....... ....... .....
XU O «- OJMO>O»*L
E Ul fVIOOfVI

_ 51s
II II II II II II II II II II II II II II II II II II II II 

_ DC omooooo ooooooo oooooo
O  4) ....... ....... ......

  u o o>> o>> eo in o in omooooo inooinr\j«- «- 0&.5.000CO oor^s.>oi --- - - ^8. " 
</>

00
MO*

CXCh

&

2

»- »-«-min»*in

m \o ~o co« v* o

IMfMOOOOO OOOOOO

o 
in«-»-r

«-r\jKSxr<»<

ro >s- >o to «- »

ooooooo

ooooooo oooooo «- oo >o o >o in eo inrvioooo

»-*-«»*

>oooooo oooooo>»-»*»-in r\j eo ooooooo-* - ">ryin oorococoo
00 O**  »  »*O>O

ooooooo ooooooocorooooo ooooooro co in o co o vj- roinoooin--.oo»-»* >oo*nj»*ooin

ooooo

>-TC "^-r-^-njro^

oooooo oooooo «- o-*inr^*o«
«-»-«- r\j r\j >j-in l^ oo

ooooooo
Srvifi^ooo 

O S- in in rvi in 
-* in o oo o ro o

ioroco N-inorviorocooo
or
f\J

 oo or«-«- o .
>»-in oonj

ooooooo ro oo o* o* eo in in 
»- in eo r\j »* o p r*-

OOvl-COOCOO «-«-COOOOO
> N. o M o* r^ >o Is- o* o nj >o >a-o oo    oj oj OJ ro >* in ~o co o fvi co co ro

t- O 00 f\J f\J O «->O
u coo*«-coronjin _ _o «-«-r\JKiM ro»*in>o

os >o «- «~ in in N- 
M »* in <o N- ON nj

oooooo

oo
P*- ^^ 
\f\ O

»- »- r\j ro in r*- o*nj«- >onjin

n n n n u n n n n n n n n n n n n n u n 

o c omooooo ooooooo oooooo
  4» ....... ....... ......
  u oooooinoin omooooo inooinrvn- 
< t- oooooooo eor^r^>oin>a-M r\jf\j»-af a* «- 
D ao  **

82



ST
AT
IO
N 

03
29
10
00

EA
GL
E 

CR
EE
K 

AT
 
SA
DI
EV
IL
LE
, 

KY
19
42
-7
5 

HI
ST
OR
IC
AL

DI
SC

HA
RG

E 
(c
ub
ic
 f

ee
t 

pe
r 

se
co

nd
)

DU
RA

TI
ON

(p
er

ce
nt

)

10
0.
0 

>=
99
.5

 >
=

99
.0

 >
=

98
.0

 >
=

95
.0
 >

=
90

.0
 >

=
85

.0
 >

=

80
.0

 >
=

75
.0

 >
=

70
.0

 >
=

60
.0
 >

=
50
.0

 >
=

40
.0
 >

=
30

.0
 >

=

25
.0
 >

=
20

.0
 >

=
10

.0
 >

=
5.

0 
>=

2.
0 

>=
1.

0 
>=

CO
MP

LE
TE

RE
CO

RD

0.
00 .0
0

.0
0

.0
1

.0
2

.0
5

.0
8

.1
5

.4
1

.8
8

3.
14

7.
55

14
.2

24
.0

31
.8

42
.3

11
0

26
4

62
9

10
00

MO
NT
HL
Y 

RE
CO
RD

OC
T

0.
00 .0
0

.0
0

.0
0

.0
1

.0
2

.0
3

.0
4

.0
5

.0
6

.0
8

.2
0

.4
6

1.
08

1.
51

2.
06

5.
45

15
.9

64
.0

12
1

NO
V

0.
00 .0
0

.0
0

.0
0

.0
1

.0
3

.0
5

.0
7

.0
9

.4
9

1.
83

3.
88

7.
17

13
.8

18
.8

24
.9

71
.7

18
7

42
2

69
8

DE
C

0.
00 .0
0

.0
1

.0
2

.0
5

.8
2

1.
98

3.
11

4.
29

5.
28

8.
32

12
.3

19
.5

30
.5

40
.5

58
.3

16
0

38
7

64
6

94
5

JA
N

0.
00 .0
3

.0
6

.1
2

2.
06

3.
89

5.
30

7.
10

9.
17

11
.5

16
.3

23
.4

33
.5

50
.1

65
.3

86
.1

20
9

46
7

90
1

13
40

FE
B 0.
00 .5
0

1.
01

1.
83

3.
17

6.
69

9.
18

11
.6

14
.1

16
.6

22
.5

29
.4

38
.4

56
.2

74
.0

99
.4

26
0

57
0

11
60

17
00

MA
R 1.
70

2.
30

4.
20

5.
99

8.
40

11
.7

14
.5

17
.3

20
.3

23
.4

30
.6

39
.2

54
.0

79
.7

99
.2

12
7

31
4

65
1

12
40

20
50

AP
R 1.
10

3.
29

4.
01

4.
69

6.
48

8.
91

10
.8

12
.7

14
.6

16
.4

21
.0

26
.5

36
.5

52
.9

67
.2

90
.6

20
4

43
0

80
8

15
40

MA
Y

0.
00 .2
2

.3
4

.5
1

1.
18

2.
09

2.
94

3.
76

4.
90

6.
11

8.
86

12
.6

17
.4

25
.2

32
.4

42
.6

10
2

25
2

64
4

98
5

JU
N

0.
00 .0
0

.0
1

.0
2

.0
5

.1
0

.1
8

.2
8

.3
9

.5
4

1.
13

2.
19

4.
30

8.
57

12
.2

19
.6

58
.6

16
2

56
1

89
0

JU
L

0.
00 .0
0

.0
0

.0
0

.0
1

.0
3

.0
5

.0
7

.0
8

.1
3

.3
0

.6
5

1.
37

2.
61

4.
38

7.
02

29
.0

10
0

24
0

42
0

AU
G

0.
00 .0
0

.0
0

.0
0

.0
1

.0
2

.0
3

.0
4

.0
5

.0
6

.0
9

.2
2

.4
8

1.
04

1.
57

2.
46

12
.3

39
.1

12
3

23
3

SE
P

0.
00 .0
0

.0
0

.0
0

.0
0

.0
1

.0
2

.0
3

.0
4

.0
5

.0
7

.0
9

.1
7

.4
7

.6
7

1.
06

6.
19

23
.1

97
.7

16
8

ST
AT
IO

N 
03

29
15

00
EA
GL
E 

CR
EE

K 
AT
 
GL
EN
CO
E,
 
KY

DI
SC
HA
RG
E 

(c
ub
ic
 
fe
et
 
pe

r 
se
co
nd
)

19
16
-1
8,
 
19

29
-3

1,
 

19
39
-7
7,
 
19
90

HI
ST
OR
IC
AL

DU
RA

TI
ON

(p
er

ce
nt

)

10
0.
0 

>=
99
.5

 >
=

99
.0

 >
=

98
.0
 >

=
95
.0
 >

=
90
.0
 >

=
85
.0

 >
=

80
.0
 >

=
75

.0
 >

=
70

.0
 >

=
60
.0
 >

=
50

.0
 >

=
40
.0

 >
=

30
.0

 >
=

25
.0

 >
=

20
.0
 >

=
10

.0
 >

=
5.

0 
>=

2.
0 

>=
1.

0 
>=

CO
MP

LE
TE

RE
CO
RD

0.
00 .0
0

.0
1

.0
3

.0
9

.8
7

3.
09

7.
06

12
.8

20
.4

49
.4

91
.9

15
5

25
8

33
8

49
1

12
70

28
70

59
20

82
70

MO
NT
HL
Y 

RE
CO
RD

OC
T

0.
00 .0
0

.0
0

.0
1

.0
3

.0
6

.0
9

.2
2

.3
5

.6
0

1.
46

3.
39

8.
44

19
.4

28
.5

42
.5

11
7

30
8

97
8

26
40

NO
V

0.
00 .0
0

.0
0

.0
1

.0
3

.0
7

.2
2

.7
3

3.
11

7.
47

21
.2

41
.2

72
.8

12
4

16
9

24
0

75
9

18
60

39
40

61
60

DE
C 0.
00 .0
0

.0
1

.0
3

.0
8

.8
7

14
.1

20
.3

29
.0

38
.7

61
.7

10
3

17
2

32
0

45
3

64
3

17
70

32
90

60
90

79
90

JA
N 0.
00 .0
3

.0
7

.5
0

4.
98

18
.5

36
.3

57
.9

80
.6

10
4

15
7

22
2

33
8

57
4

77
7

10
70

25
80

46
80

78
40

10
90
0

FE
B 

MA
R

0.
40

 
9.

00
.7

1 
17
.6

.8
8 

36
.7

3.
88

 
52

.7
18
.5
 

72
.5

57
.0
 

10
3

82
.6

 
13
5

11
1 

16
3

14
0 

19
0

16
5 

21
7

21
5 

29
6

31
1 

40
5

45
9 

56
3

72
0 

82
7

93
9 

10
90

13
10
 

14
40

29
60
 

32
20

56
90
 

60
00

98
00
 

10
70
0

14
20
0 

14
80
0

AP
R 22
.0

37
.1

40
.8

48
.2

63
.6

83
.2

10
3

12
3

14
3

16
2

20
1

26
5

35
1

55
9

73
0

96
5

22
60

45
60

78
90

11
00
0

MA
Y 2.
30

6.
58

9.
12

11
.1

18
.0

30
.6

42
.4

53
.8

65
.4

77
.1

10
4

13
4

18
9

28
9

37
3

50
5

12
90

28
50

52
60

78
60

JU
N 

JU
L

0.
20
 

0.
00

.3
3 

.0
0

.4
5 

.0
1

.6
7 

.0
3

2.
08
 

.0
9

6.
98

 
.9

8
11

.0
 

3.
55

14
.9

 
5.

41
18

.9
 

7.
39

23
.7

 
9.

53
41

.3
 

15
.5

70
.2

 
25

.5
11

3 
47

.4
18

7 
88
.0

24
7 

12
2

32
7 

17
7

81
9 

45
0

20
70

 
95

6
43

90
 

26
20

67
00

 
44
30

AU
G

0.
00 .0
0

.0
1

.0
3

.0
8

.4
3

.8
8

1.
65

2.
56

3.
72

6.
85

11
.6

19
.2

37
.3

53
.9

81
.3

21
7

51
7

12
10

22
10

SE
P

0.
00 .0
0

.0
0

.0
1

.0
4

.0
8

.2
8

.7
4

1.
26

1.
82

3.
40

6.
18

13
.0

27
.8

42
.3

65
.8

20
1

45
3

12
10

24
40



ST
AT
IO
N 

03
29

24
60

KA
RR
OO
S 

CR
EE

K 
NE
AR
 
LA
 
GR
AN
GE
, 

KY DI
SC

HA
RG

E 
(c
ub
ic
 f

ee
t 

pe
r 

se
co
nd
)

19
69
-9
0 

HI
ST
OR
IC
AL

DU
RA
TI
ON

(p
er

ce
nt

)

10
0.
0 

>=
99

.5
 >

=
99

.0
 >

=
98

.0
 >

=
95

.0
 >

=
90

.0
 >

=
85

.0
 >

=

80
.0

 >
=

75
.0
 >

=
70

.0
 >

=
60

.0
 >

=
50

.0
 >

=
40

.0
 >

=
30

.0
 >

=

25
.0

 >
=

20
.0
 >

=
10
.0
 >

=
5.
0 

>=
2.
0 

>=
1.

0 
>=

CO
MP
LE
TE

RE
CO
RD

0.
00 .0
0

.0
1

.0
2

.0
5

.1
1

.3
6

.6
6

1.
00

1.
45

3.
33

6.
82

12
.0

19
.5

25
.1

32
.1

75
.8

17
0

37
7

57
9

MO
NT
HL
Y 

RE
CO
RD

OC
T

0.
00 .0
0

.0
0

.0
0

.0
1

.0
3

.0
5

.0
7

.0
8

.1
4

.4
1

.6
8

1.
11

1.
78

3.
10

5.
01

14
.9

37
.3

10
6

18
1

NO
V

0.
00 .0
1

.0
2

.0
4

.1
7

.6
5

.9
1

1.
10

1.
35

1.
60

2.
55

4.
55

7.
18

13
.9

18
.8

26
.7

67
.7

18
1

39
3

50
6

DE
C

0.
10 .2
2

.2
8

.4
2

.6
3

1.
14

1.
80

2.
79

4.
50

6.
14

9.
68

15
.4

21
.6

31
.0

40
.2

52
.9

12
9

24
7

51
0

81
2

JA
N

0.
00 .1
2

.1
7

.2
5

.7
6

1.
65

3.
68

4.
82

5.
90

6.
97

9.
88

14
.8

20
.9

28
.8

35
.5

46
.7

93
.4

22
1

39
2

72
3

FE
B

1.
10

1.
73

2.
19

2.
9

4.
54

6.
95

8.
98

10
.7

12
.2

13
.6

17
.3

21
.8

28
.3

38
.5

45
.9

59
.7

13
7

29
2

51
1

90
9

MA
R

2.
40

2.
75

3.
11

3.
73

5.
23

7.
06

8.
45

9.
82

11
.9

14
.1

18
.3

23
.4

29
.9

42
.1

53
.3

68
.8

14
7

28
3

48
6

67
1

AP
R

1.
10

1.
44

1.
75

2.
15

3.
26

4.
85

6.
23

7.
67

9.
18

10
.8

14
.6

19
.0

25
.3

35
.4

43
.4

57
.0

12
3

33
4

67
9

80
2

MA
Y

0.
10 .1
5

.2
1

.3
4

.7
2

1.
23

1.
69

2.
35

3.
13

4.
01

6.
17

9.
40

14
.6

23
.1

29
.3

40
.0

88
.4

22
4

48
9

81
1

JU
N

0.
00 .0
0

.0
1

.0
3

.0
7

.1
7

.3
8

.7
2

1.
09

1.
38

2.
03

2.
99

4.
77

9.
03

12
.9

20
.6

50
.3

13
4

32
9

57
4

JU
L

0.
00 .0
0

.0
0

.0
1

.0
4

.0
9

.2
0

.3
5

.5
2

.6
4

.9
0

1.
29

1.
99

3.
48

5.
03

8.
46

26
.9

61
.9

17
3

25
8

AU
G

0.
00 .0
0

.0
0

.0
0

.0
1

.0
3

.0
5

.0
7

.0
9

.1
6

.4
5

.7
8

1.
20

2.
14

3.
49

5.
58

17
.3

59
.8

21
0

39
1

SE
P

0.
00 .0
0

.0
0

.0
0

.0
1

.0
2

.0
4

.0
5

.0
7

.0
8

.1
5

.4
0

.5
9

.7
8

.9
9

1.
35

5.
09

18
.0

74
.2

11
6

ST
AT
IO
N 

03
29
25
00

DU
RA
TI

ON
 

(p
er

ce
nt

)

10
0.
0 

>=
99

.5
 >

=
99
.0
 >

=
98

.0
 >

=
95

.0
 >

=
90
.0
 >

=
85

.0
 >

=

80
.0
 >

=
75

.0
 >

=
70

.0
 >

=
60

.0
 >

=
50

.0
 >

=
40

.0
 >

=
30
.0
 >

=

25
.0

 >
=

20
.0

 >
=

10
.0

 >
=

5.
0 

>=
2.

0 
>=

1.
0 

>=

CO
MP

LE
TE

 
RE

CO
RD

0.
00 .0
4

.0
8

.1
9

.4
8

.8
1

1.
29

1.
84

2.
45

3.
06

4.
79

7.
46

11
.8

17
.6

21
.4

27
.2

50
.4

85
.6

16
9

25
8

SO
UT
H 

FO
RK
 B

EA
RG

RA
SS

 C
RE

EK
 A

T 
LO

UI
SV

IL
LE

, 
KY
 

DI
SC

HA
RG

E 
(c
ub
ic
 f

ee
t

OC
T

0.
00 .0
2

.0
4

.0
9

.1
6

.3
2

.4
8

.5
9

.6
9

.8
3

1.
33

1.
71

2.
32

3.
12

3.
87

4.
94

10
.9

21
.6

48
.5

80
.8

NO
V

0.
10 .1
4

.1
8

.3
4

.5
5

.7
5

.9
6

1.
17

1.
45

1.
84

2.
73

3.
77

5.
28

8.
15

11
.0

15
.1

30
.5

60
.4

12
0

17
0

DE
C 0.
50 .6
0

.7
1

.8
2

1.
13

1.
90

2.
54

2.
96

3.
42

3.
96

5.
51

8.
73

13
.5

19
.1

23
.3

29
.0

52
.6

88
.4

13
3

22
8

JA
N 0.
00 .1
2

.1
6

.4
2

1.
35

2.
20

3.
54

5.
48

6.
93

8.
39

11
.7

15
.3

19
.9

27
.1

32
.5

39
.3

69
.9

12
4

23
1

29
8

pe
r 

se
co
nd
)

MO
NT
HL
Y 

RE
CO
RD
 

FE
B 

MA
R 

AP
R

0.
10 .9
3

1.
64

2.
37

4.
55

6.
10

7.
41

8.
85

10
.5

12
.2

15
.8

20
.6

27
.0

37
.8

45
.4

53
.5

92
.1

16
0

30
2

37
6

2.
40

2.
71

3.
02

3.
55

4.
77

6.
24

7.
94

10
.4

12
.5

14
.5

18
.9

24
.2

30
.8

39
.5

46
.9

54
.6

86
.7

14
9

25
1

33
0

0.
90

1.
39

1.
64

2.
38

3.
27

4.
33

5.
89

7.
43

9.
11

11
.0

14
.3

18
.0

22
.7

29
.1

34
.3

39
.5

62
.8

10
8

25
4

39
5

MA
Y 0.
50 .9
2

1.
01

1.
19

1.
87

2.
92

3.
83

4.
69

5.
45

6.
25

8.
20

11
.2

14
.3

19
.0

22
.9

27
.8

49
.8

90
.3

18
5

39
4

19
45

-5
3,

 
19
71

-8
3,

JU
N

0.
30 .4
0

.4
6

.5
5

.8
0

1.
41

1.
84

2.
30

2.
69

3.
08

4.
06

5.
73

7.
87

11
.7

15
.4

20
.0

38
.5

70
.2

14
9

18
7

19
55
-6
2 

19
89

-9
0

JU
L

0.
00 .0
5

.1
4

.3
2

.5
2

.7
1

.8
8

1.
20

1.
59

1.
90

2.
48

3.
45

4.
99

7.
16

8.
89

12
.3

23
.9

48
.7

10
4

18
5

HI
ST

OR
IC

AL

AU
G

0.
00 .0
1

.0
3

.0
6

.1
8

.3
2

.4
8

.6
2

.7
8

1.
01

1.
76

2.
49

3.
54

5.
05

6.
25

8.
65

18
.1

38
.0

81
.8

13
3

SE
P

0.
00 .0
0

.0
1

.0
2

.0
5

.1
0

.2
9

.4
1

.5
6

.7
3

1.
12

1.
67

2.
50

3.
34

4.
02

5.
06

11
.1

24
.8

53
.3

73
.6



oc\Jino«-r»m ocooinof\ioo om
Q. OOO«-ofto.o 1*1-O O-* fVI fVI S- OvQvOOOOin 
UJ ....... ....... ......
co o v- «-»-»-<Mioof in

S o of CMO co in of moO'-oooooo- «- o oooofcorvjin co »-in *-«-of of i*is-N->»in
w) < o

ooo>to.<\jroro ofincoto.* *orvjfNjof «-coc\j >ooof K>to.^in o*«oto.«o
in ^ o *^«-^<\j ojroto'of intolo oj«o«-^eoinmof «- «-«- K» in <\j eo o*

o o>«-eo o <o Ov *-ofcomin
CNJ of <O CO OIO &> <O <\J CO <\J O< of <\J

o
^«  ^OJKOK^. ... 

«-<\J

g rvi s-o oo o rvi < ooeo 
oOOoOr^OQoO of «-O*of K>(\J«O

X »-*-«-<\j rnj ro in CN «- 

ocMnoroofc* 
v cooor\JO"O<> oe .......

Q. «- to *» in o oo o>-

*  b*
1C 

U J OlOO^-OOO<u u oo oo 1*1 o vt oo <M of xf mof < oo in   »o« 
X Of. ....... .......

I "~ *~'r"'~ -^.^.(vj,^,

i om«f<oN>ino
: N* «- CO O^ O O N- vO>»tMOOOO infNJOO

> is uj «-^ojojto''ONlch «-^K>incooicoco
V) Of. u. »-»-«-»-<\J <\J IO

§ i
-I </>

^j OO ^~ OO Irt^^ OO CD ^  ̂ ^ ^D LO^D ^5 ^D 00 ̂ 5 ^5

< ° «
UJ 
UJoe 
u
v> ocoooinooxf (\j«-xf(\ico u «--o s-«-oo oo NO of to r\j <o eo r\j in invrotM
< UJ ....... .......
Of. Q O «-«-(MK> of in vO 00 fNJ 00 of _ __ . .
o »-«-rvj fvjioincMnio
Of.

UJeo o of CM <o r\j <o <- vQinootn«-< 
^ > «- ojtoof oo roo >OfNJO>of^>
o -as. o '«-^<\j fOto'^iiXtoIchro «ocMnc\j«om«- T-^-roocvJCh

O^'-OS--

z uo o «  » « <\j <\j 10 of m N-oominofoo
«r-(Minto.

i
jj Q£ CD ^~ PO *O ^  CK ^3 fO ̂ ~ ^~ ^O of 00 00
_IO ....... .......

o a. o o ^^<\j 10 of in to. o of o of^mcvjCMnO El - - .- 

Q Si

ii n it ii n n n n n n n ii ii ii n n n ii n n

S.

<
Q v

ooooooo ooooooo oooooo

«- «-*-»-»-<\J<\J IO K>o*

ooooooo

CNJ 10 in to. o* CNJ of

ooooooo

>oooooo oooooo >oooooo oooooo

ooooooo oooooo ooooooo oooooo
*O 0s CD fO fNJ N* ^O Irt fNJ CD CD CD CDro <l CD LA <\i« ^o in in o^ o *o vfr

"\ ^0 .^^ 00 ^~ lA CD lA«-«-(\Jf\J

ooooooo oooooo
ooooooo oooooo«oro oooooo

»-«-«- (\JC\J

ooooooo ooooooo oooooo ooooooo ooooooo oooooo
i ho  o « -* ho oo^oo^inooo oooooo.« inioo*

ooooooo
Of. OOOOOOO

< --*T ** - -»Rco

ooooooo oooooo 
ooooooo oooooo ooooooo oooooo of <\j »o O^ of m 10 ir\ o OM*I eo 1*1 
o CNJ f> in co «  in  -«-«-«-«-(\Jf\J

ooooooo ooooooooooooo oooooo
ooooooo oooooo

ooooooo ooooo ooo of of m <o co in in
00 ho.*r- po, %O^^O

«- PJ CNJ K> in  «o

o r^ o o* oo «-

ooooooo 
ooooooo
to. OOOOOOO

oooooo

»-»-«-»-<\j <\j to to of m in

»j mooo
»  »- <\J <\J K> N»

ooooooo oinooooo

oooooo 
oooooo 
oooooo

. _>ooooo >«  in»  moo 
)of «-oooorvi -Ch«-in

oooooo 
oooooo 
oooooo
K-o>m«-<

ooooooo 
o °r

in ̂  O^ «-

vf N-o N-m in of

oooooo 
oooooo 
roooooo

ooooooo 
ooooooo 
co CNJ to. m <\j«- in 
«\j of m o* of CMn

»-»- <\j<\Jto

of OOOOOOoeorvjinoo  ooio

jjoe 
_o ^
S UJ 

oe. 
P

n n n n n n ii n n ii ii ii ii n n n ii n n ii

oinooooo ooooooo oooooo

»l-

85



 i ooooorvim

»-»-«* 9- «-«*

«-<M (M rO vt IT* CO (M O

;£ - in co «-co N-«-S-
«-«- «- «- (M fM M in >O

vt 
CO OON-OsN-

S-<O vO vO M O N- O<O

rMON-S.inN-«- mo
S-S-MS-OO

n u n n n n n n n n u n n n n n n n n n
_i 

Oc omooooo ooooooo oooooo
  u o g-g-co in o in omooooo inoointvir-

co
ooo«-<\iino oooooo  (MincMeoroeoo in«-<

OeOOfMMO

«  eocvioeoo

«* O K- fM ^ «- CO

M«*^co«-min oS-os.
O£ ....... ....
O. "O^-fOS-O^-^ CO^O^O^OOOO _< « w-»-ro«*«* m >o s. o* to co >o «-

L> OS-O^MMKl 
LU"i

D oeocM
z: mm<M<oo<oco

CO  

ooorviin

o « >OKIOOOO

m(\j<oooo

ooooooS. in vt S-o ro <M o co
o «-«- <M m >* co co <o rvi s.*-cos-oo

oo -o rvi «* M o

jjoe oooofvivOvt - *-"
5!<J o "»^ro
S ui 

o:
«- S-inN-oo<

3 c omooooo ooooooo oooooo» o ....... ....... ......
  u oos^oomom omooooo- " eoN-i*->oin«*Ki

86



FORICAL

CO

§
(M 

S

§
to

O
NV.

U

1
u

Ul

oc
>- <.
M X 

CJ
» CO 

UJ    
-1 O

TAYLORSVI

<.

Ul
UJ
or 
u

IRASHEARS

13295890

z
<
CO

a.
CO

u

_l
3 

Z

OC

1
xoc

MONTHLY :B w

u.

z

CJ
Ul
o 

§z

o 

ill
t-O 
JJ Q£

QL CJ 
SEUJ
oae

1  O

II

ooooooo
o

oo«-cMinmo 
ooooo«-ro
0 

O «- N! NO N- Kl inoooo«-K-m
o «-

OOOOKtO>»

O K»N-

NO N- NO -t to «M ro
rhiMii*v -*  /~i **

«-<MCM

ON-NorvieoocM
^- N. ^- >^ ^- in ̂ ~

o NO 10 f>- CM to
COOKtCO>»<MO

oo«-

«M «M «M «M IO >» in

omooeo

CM <M IO >» in CM O

oooocMfN-m
O «-CM

ooooooo
o 

ooooomo
o «-

II II II II II II II

oinooooo
oooeoinom

o£°tOeoorM

«*>*in-oo

«-CMK»inO

«- N- ft >* in N. r*. 

in o NO in co
f~\ P»^ MA f^. 1"V «/^ 1"V

in
CM«*«*Noo«*in

NO fM ON O CO ON fM

rorviinrvieoooo

N. eo O «M NO «- »-

NO NO in O NO O ON

CO^-IN-IN-OMO

o oo co NO in

«-CM

n n n n n n n

ooooooo
oinooooo co fN- fN- NO in >j- ro

MNOT-.-NO

eOCMK»»-OOCM

K»om
inOfMNOfMOO 
«-«Min«-«MCO

»-K»NOO

»-CM

omoooo
inNQCMoooo

fN-CMOOOO

NQOOOOO

ON «- fN- ON NO CM

OfMCOKirN-O

coooooo

NflfMOfMOO 
^~ CM NO v* ON ON

O

N-oeooo«-

NO in fN. >*»->*
«-CMK>

n n n n n n

oooooo
inoomcM«-
CMCM»-

_l
CJ

oc 
o
CO

X

3
NO

in 
o

1
u
to

8.

» NV-

 I U

s 5
z u 

a. ui
« oc
CO <

Of CJ 
< CO

z o

O

o
Ul 

CO
oc
Ul»  

oa
CO

Ul 
Ul
oc
CJ

1

o
0

o
CM 
M

cf

H-
< 
H-
co

a.
CO

1

_i
^ ->

z
3 ->

QC

3 

3

MONTHLY :B m

u.

Z
->

CJ
Ul
o

§
z 

H-

£
JJ

XCJ 
CUJ 
30C

EZ
  0
< <-

ooooo«-«- 
ooooooo
o

OOOOO«-«M
ooooooo
o

OOOOO<-(M
ooooooo
o

OOOOO«-«M
ooooooo
o

OOOO»-«M>»

o

OOOO«-«-«M

o

o 

o NO «- fN. in >» «M
OO«-«-«MK»>»

o

oo«-«Min«-eo 
ooooo«-«-
0 

OOOO(M>»NO
ooooooo
o

§OOO«-CMK1 
oooooo

o

ooooo«-«- 
ooooooo
o

OOOO«-CMK1
ooooooo
0

II II II II II II II

oinooooo
o ON ON co in o in
0 ON ON ON ON ON CO

«M«MKi>»inNorN. 
ooooooo

oooooo*-

ro HI >* NO h~. o «- 
oooooorvi

K»N*mrN.oin«M
OOOOO«-(M

in fN. co <MCO co N-

ro ro >* in N- o NO

O«M>»rN.«-NOK»

<-<-<-<- (\l (MKt 

K»NOK»«MvONOO
in NO co CM NO ro ON

<- NQ m in oo o <M 
fOKi«*NoeoKio

OK1«-NOK1O«* 
O «- CM K1 in fN. «M

>* NO fN- o >* o in 
oooo«-(Mro

«M CM ro >* in NO co 
ooooooo

«* NO fN.O «->*>*

OOOOfM^J-OO

II II II II II II II

ooooooo
oinooooo co FN. r*. NO in >* ro

rN-coONinoo 
ooo«-inco

inroeo>*Ki«M

«-roin 

-J-NOOONO
TOin^J-OOOCM

»-«MN.in

»-rN.N*m 
ro in NO NO (MO

«-roo«*
«-CM

«-»-NOin

CMroinfN- «-in

oin>»Oino

»-ro

OfN-OinfN.ro
fO«*cooo^N. 

<-inO

roinin

K) ro oo co fN- co 
»-ro>*

NQO«-fOfMrN-~i-«-o~i-

«-ro

IONQfN.»-
inco~i-~i-orN-
»- »- 10 in CM >»

»-(M 

CM>*COfN-
>»inOcoco(M

r-ONQ

COO>*«M>*»-
oo»-cMin>»

ONrN-NON-
«-NO«MfN.»-O

»-»-ioininrN.
^CM

II II II II II II

OOOOOO

inoomcM«-
«M«M«-

87



o

i
V)

ae

in 
in
O

B
SONVILLE,

3 

Of 

LU
ae

LU 
LU
Of 
U

)3296500

§

<

second)

8.

(U 
01 

 *-

u

1
u

LU

DISCHARG

a.
vt

o

-s

Of

RECORD 

R AP

MONTHLY B MA

LU 
U_

Z
-s 

u
o

g
z

H-

8

u
-0 
U Q£

3.U
ELU
DC*

g£

h- 0

is.

OOOOO«-(M 
OOOOOOO

o

OOOO*-KI>* 
OOOOOOO

0

§ C3 CD <"" ^o ^" ̂ ~ 
ooooo*-

o 

oooooo<-
o

i  i  *- «M «M «* in

ON-mO>OOO(M
in in -o oo «* 'O »-
«- i  «r- i  «M K> in 

OO»-«MOOO«-

O K> «O (M N- N. 00

IO «*>*>* in N-O

o in o >* N- *- to

O «MIO

O IO N- >*»*>* *O 
«M «M «M IO <O O in

o *-

o

oooo*-iom 
ooooooo
o

OOO«-ION-«M 
OOOOOOr-

o

II II II II II II II

omooooo
CD O+ O+ oo in CD in
OOOOOOOO

IO IO >* >O N- O «*
oooooo*-

^N-O^mOO

>*N-omsOiorJ

N->*»-0>*«\JflO

«t^ ^9 «^ in ̂ o ^0 O^ 
N- o CM CM in ao in

(MN-O'O

in  <) N- o ro N- (M

coocoinoroo

v-r-r- «M «M CNJ IO 

00«  «  S3
mN-ooo*- *OO

N.

CM CM 10 in O in oo

-O CO O  -*  00 "O -O 
O O *-*-*- OJ>*

ooiorpooo
*  rvi in n- r- O O

II II II II II II II

ooooooo
omooooo
00 N- N- »O in «* IO

2£o«N-^

moN-

» «Minoooo»

«M
in CM in in

"~ OJIO

10

(M(M

» inioinrM>o
» »-IOOON-o3 

(MOO

~Mln ^p{s

 orvirvjvomro 
ro >* oo N» in «-

00 Kl

^^IPSSS

Oinoo
OOfMOQv'OO

roog oo oo (M in

*-romo

»-«\J

II II II II II II

oooooo
inooin«M«-

_l 
u

V)

3=

MD

00
in 
O

>- 
^:
LU*

_l 
_l

> 

_J

3 

Of 

LU
ae 
in

C>

o
LU 

(A

C SUBUATER

LU 
LU
Of
u
X 
_l

J3296700

z

t 

V)

second)

(_

*J 
(U 
(U 

<*-

u 
!a

LU

DISCHARG

a.
V)

u

_J

z
 t

> 

Of

RECORD 

R AP

MONTHLY 
B MA

LU 
U.

Z

U

o

g
z 

» 

8

u 
uoc
xc_>
§£

z ^
  o

ooooo*-»- 
ooooooo
o

OOOOO«-(M
ooooooo
o

OOOOO*-«M
ooooooo
0 

OOOOO»-«\J
ooooooo
o

oooor-rviro 
ooooooo
o

OO»-IOflOlON-ooooo*-*-
o

Ov-ION-N-ION- 
«-» »-»- «M IO IO

0

oo*- «\iin«-N.

o

OO*-«M*O«MN-

o

OOO«-|ON-»-

o

OOOO*-IO>*
ooooooo
o

ooooo«-«- 
ooooooo
o

OOOO» «M«*
ooooooo
o

II II II II II II II

omooooo
ooooomom
OOOOOOOO

«M «M IO >* in N- 00
ooooooo

«M 10 «* in N- oo in oooooo<-

ro>*mN-o^m
OOOOO*-«M

«Mio>*m^ooO 
ooooooo

sj- in >o oo (M O in
OOOO»-»-IO

«MOioio«-m^
«M«MIO«**OOIO

^ioX)N-OmrM

10 O «* in N- «* O 
10 ro «* in N. o «M

N.(\JN.N-OOrOO 
«MiOK>>*mK.O

^N-Oms3-ON-

«M «M tr\ -<t in ̂  N-
ooooooo

in ̂ D oo *«^ in *  CD

II II II II II II II

ooooooo
omooooo
00 N- N. MD in >* K)

oooooomo
OO»-OOO

» «M^

»-iooo>*^
(MfMfMN-OOO

OOOOCM 
CVt*)O-4-OOCQ

*-ino^ 
ro>*

m^ooo
» «MIOIOOO

»->»>» in ^~«*

oootM «*N-*-oroo
(M'OOO

rom

»-OON-m
^cON3-»-om
*-*-IO»OON-

«   *

«-«M«*^IO>* 
» «M

(MCMtnmooo 
<-«\jro

^-r-rON-(MOO 
IO>*

OOvOO
rM«*m*-inoo
»  r- «M N- ^ «M 

» «M

oooo
N-OIOOOOO

»-«M>*mO
«M«*

§ooo«Omio oo»-«*«-

»-OOIO

II II II II II II

oooooo
mooin«M« 
«M«M«-

88



OOOOO«-CM CM W »* in N- 00 O -4-OOCMO 
OOOOOOO OOOOOOO *-CMCON-N-

OOOOOOO OOOO(  i>o inin«-i>ocM

1
oo«-cMinocM inN- N-omro vOooo«- ooooo«-«- «-«- CM CM »* in K- ooooooo

«-«-CM«*CM

ae. u
z co
N- O

«-CM<OCMI>O

OOOO«-CMI>O »* in N- OIO 00 <O
> OOOOOOO 0000«-«-CM"**""*        

. u o : uji ae

u ii u ii u u u u u u u u u u u u u u u u
,_ >-> 
D c omooooo ooooooo oooooo

CM^OOOOON-

  <>cMin obocMN-mino
" -^ ^CMCMCMro«*^J

it

LI
0£(_

 CM CMCMIO«*in^OOO

u. o «-«-«-rvj i>o i>o »* in <o N- o «-»*coo«-»*coooN- 
«- »-»*«- <ON-

o «- CM in N- O> <O io ** «- CM »o in <O CM»*
Z ^»-^^CMf^O fO<O*»*in>*N-

-9 O «- «- -«- CM l»l »* in -O 00 IO <O IO <O

u  - ̂  »-
QJ ...

O O

«-m
»o N- coo«-ooi>ocMin
.. .......

«-«-«-CMI>O>*

OOOOO«-«- »-CMC

o

-CMIO N-in»O 

«-«- CMCMvOOOX)

h-O OOO»-CMinOO «- 'O IO 00 «- 00 N-f ooooooo «- «- CM »* «- o in

u u u u u u u u II u u u u u u II u II II II

o c omooooo ooooooo oooooo*~ v ....... ....... ......
  u oooeoinOLn

89



K
CO

it
u m oo (M >o m o >! 
X of ....... . .

C «-«- fMm oofM m co«-

_ _ _ _>«-fM>» 
ooooooo

< o

ooo«->»eo>o in oo rvj o oo o«- f\i 
oooooo-r- r\j ro in Oo >? r-w r\j o in coco

o >» Oo o op TT CM «~ 
o'

§o in in (\j (\J o rvjin 
 o ui r\j o ro co roco>?«-«4-o>o

Oino«  o

1

omr-wco 
o*

ro oo >
«-eo
vl-vOI

r>- o>«- in o oo oo o »- f>^ in o«-oooO
(MvTOO

u oooofM«-<o >*r>w«-inco>or>-
LU ....... .......
o o «-«- r\j ro m oo rvj Oo O>

>«-ro>oo -j-cooov» oo o o> m m «-

o m f\i«- f\J «-

t  ooooooo ooo^-Si-^Oo >*  o f\j f\j f\j m y d ...... ....... ......

jjoe oooooo<- o .......
o

II II II II II II II II II II II II II II II II II II II II

c omooooo ooooooo oooooou ....... ....... ......
  u o o> Oo oo m o m omooooo

' u o o> Oo Oo o> Oo oo oo r>w r>w >o in >» to

§ «-f\iro 
oooo "'""*" ooo«-roo

ooooooo o *"""""
in«-Ooco«- 

'roeooo

oooooo*- ro >!  m Oo >o >o m in o coco

«- »-f\jinmm m >o

o >» o m »-Oo Oo 

o " " "^^rvl
oo «-
ro>o >»in«-

-j-co
omsf» oo 

rooooin

u Oinom 
LUxoe

oO in m oo m ro Oo -O
m >o r^ o> «- «-o mr\joo>ooo 

eo»-oo»Of\J «->oeoo«-

to oo >*  Oo f\J f\J«- Oo
LU in r^ oo Oo o ro oo o>»-m >o >*  m

to m ro oo «- *- ro
.i-oo>oin «-»-

oo Oo m >o

§OO«-W>OOo 
oooooo rom oo

\«-f\i r^ooooo
*~ «->OOoO

«- f\jm>ocoo-

(-Q ooo«-ro>oo
mae oooooo*- ror^^invoin-j-_iO ....... .......
0.0 o «-rooooo>o f-^ oo o«- f\j mu »-«* oof\j»-ino>o
O

u u n u n n n u n n n n n n n n n n n n

_c omooooo ooooooo ooooooM aj ....... ....... ......
  u oooOoCOinotn omooooou oooO>OoOoOoco cor - - -  --

90



«-<MV* 
ooooooooo< 

o

in^cotoooco
*T^<NJ

 >o«-<

«-«- (\j ro in o g

inr^-ooco

»» in in «- <M o in ocoto 
eoro^roo

romof>oo  oroooh-^-oo
«-«-<M <M ro ro »»>o o> »*

u

II
 Oinro

 or^eoo rococo

oo in in in ̂ j-

o o «-<M in «-N- N-mcoo  *»»»*»*»» m in >o co in r^ »» »» »»

«-«-<M <MrO»l"r-'r-

ro ro ro »* »* m in 
o

«- (M(MOCO(M

ooooo«-(\i ro ~* in o in in ̂  
o

n n n n n n n n ii n n n n n n n n n n n

o c oinooooo ooooooo oooooo
i  o ooocoinoin omooooo inooin<M«- < c_ ooooooco cor^N.>oin«!  ro <M<M*- x. <0  *- 
3 Q.

298

ooooooo o«-ro>Oino»ro <M<
o ^<\iin r^^m^co^

§oo«--*coco ooooo«-

«-«-<\iro>oo«- «-

I o o»ooro 
(>«-^inroro<Mro

<Minom«-

ooooroco^ «- 
o '^>o

o o «-<M in ro <M o<Min<M> ooooo«-ro o m  <> <M »» %» »» »»ing _ !!     ..«_«      
*~U incororo-^in

<M»»CO «-N-in >O in >O

  o o o «  ro eo « «  mo
fl£ oooooroo ro«-O ....... ......

a.o o «- ru»»>o in«-r^ o o»mf^rou «-roino <\iF~>O'r-

n n n n n n n n n n n n n n n n n n ii n 

O c omooooo ooooooo oooooo
  <u ....... ....... ......

u oo>ocomoin oinooooo mooin<\j«- *t. t_ oo-ooooco ooN-r~-^oin»*ro r\j<\i<r-
DS 0) r-n a.

91



O (M Ut (M NO Ut Ut O

f^ *Q *-» / _ _
«  in 00 (M in >t if\ 
o *-< »-O» h»inoooo

«-<M CVirOOOvOvO

OMO»->*o
»S*~ >tM "°SsO OOOOOO

O»inN.
3 <\J>*No"«-«-COO  ^cdr-!cOin<\J»- OO>OOOO

Oin>tin(M
--_ _..---._ in«-N.OrOONO OOOOOO< «-ro >t in N. o >t N-rr*"""""" ~ - -. - -

ro in rv. o N. in r»i <>> NO" ro >» o -^ ^ (\JNOOOOO" «* in NO co «-«*«- NO»-I ~~*-*-<\j -o. *-*-*-

rO CO >f NO O rO NO N-NOOOOOOO OOOOOO
PO ^f NO O^ O^ C^ PO *^ CO O^ ^^ *O *  ̂ ^ CO *^ *^ ^D ^D ^D

rvirn >*  in <> in r\i o

...____ oooooo_ _><\jeo<\jpnin coin«-oooin NO N. O> m oo NO  - <\j in «- N. o>*"*" !^fvi<\j

N- 00 O» N" NO in CO  " 

O <\J*-NOO» _,.__.___ OOOOOOco oj NO oj NO  - o »-inininoo*  *  PO in O^ *^ co PO CNJ *^ in CNJ r- T-t\jtnOin«-

oooinoooft
o «->»<\j oo oo >*  *- in oo N. in«-oooo - «- <\j pn NO  - *- O» in *-<\j t\j o> o

" * inooomd>in

O  - Cvl >t fl  - «  ^OO»-

X| Qg
-JO 
xo
5 LU 

oe

ON.KI in ro o
o o»NO»-r«1> >t

c Oinooooo
u oo^O^opinOint- o<

Pi -

OOOOOOO oooooo 
inoointvj*-

OOOOOO 00 N.

ixi in NO N> oo c\j r> (M *-inooooroo "~ "  -  ^f «^ «^ \o **" O^ (Nj

OON.OOOOOO 

13 O> (M (M >f 00 in O fO NO O» O» O» O (M O>N>N-OOOO< T-tNjtNjtNjtNjpn^t >t >t >t in NO co «-

N->t»-N-O»N-rO <\JNO»-

3 r*-o>*-(\j(vieoo> eg NO NO h» o r\i u*t r*-rooooo

ONOCVJ

N. co O» <\j in <\j *-

oo^OMnoo
*-oo NO in o eg NO oooooo 
«-*-«- t\j >* NO S Sjeoo<viino»

OinOOKtinCM *~O*NON>OOO OOOOOO*-*-r\t m oo ro (M o NO >r (M ro Np oo oorvtvoooo r\i<Mfvifvifviro>* in in NO oo  -NO in o>tN.»-»-N. *-*-<\j

..__.__.._ N-oinoooo oooooo NO Np r«r op ro o> Nj Nor^N-pN-rocvi rocgrorooo " "intM

*-mm opoooooo oooooo
T-LANO ^ CO 00 >* O (M NO rOv-OOOO
in NO r**- oo *  in ro co ̂ J co

**J ̂ D NO ̂ J CNj O^ *"" CNj in ̂ J O^ Ng N> ̂ D ^3 ̂ D ̂ D ̂ D ̂ D ̂ D
 Z ^D *  *  CNJ *^ NO *  in co ̂ J in NO N-o^ r** o^ ro ro ̂ D ̂ D
< » * * *  T  *  <\j <\j ri ro »* ̂ o o»«~ NO o oj co ro r>.

ocuino«-«-

ooo*-inoooo> oomr

o >t co N-O» NO >* in «-in o» NO co  - N.

-es o
ic r>.
j r>. >j- r>. o o >* NO ro

n ii ii n n n n n n n n n n n n n n n n ii

o c omooooo ooooooo oooooo
« 0) ....... ....... ......
i  u o o> O* oo in o in Oinooooo inOOinr\i«--------- egr>.r>.NO in>*  ro <\j<\j«-

92



3

CVJ OvOOJOOO

«- «-cvj m «-«-cvj

-J-OOJvOCO

o «-cvj^ocvj o co^O cvj in co cvjuicocvj o<
 s"> *  O* 'O L

r in K. cvj oo O o «-«-oooo 
 * in cvj v* to in

(\J v» hw ^ OJ CO 0

or^oojco
)roco ro oo >o-j-o CM-j- oooooo  oto K-Ovj-tomino O»»«-r-  
«-«- l-CVJCVJKIvJ-^OO ~'~ ~

to m r^ co «-«-  » -or^N-cviooo oooooo 
oe to in r^ o f^ in cvj O-O to st o-O-O co«-t\iooo
< *~"~"~ ^<-rU CVJtO^OOOtO

«-«-CVJ

to in r^o coo cvj  -«-«-cvj t\i v» m

OJOOvfOOOO OOOOOO
in in oo ^O cvj FO O h^vcvjooo

«-«-cvjcvj to v» co in cvj oo 
«-cvj cvj

 OOOO«-CVJtO CO

8

sj eg o in ro o* PJ oooooo
  fO ^3 ^3 ^3 ^3 *^ OO ^3 ^3«-cvjm "

O cvj h«-O in h«- 

 -cvjtomco «--

ae ootoo«-tocvj sr«- 
a. o o «-inr^cvj o»-^-sfcvjcvjo oooooo
$ LU «~ tO 

ae 
P 8:

u H n H n n n n ii u n ii n n n n n n n n

O c oinooooo ooooooo oooooo
  4) ....... ....... ......
  u ooocoinoin oinooooo mooincvj<-

~ t- ooooooco oor^N-vOLo-j-ro cvicvi*-

«toco<ocoto cvio

in ̂ o N- ̂ O »- cvj in cvjv*
«- cvj to v» N. to »- in 

»-cvjto

cocvjh^moo

oooo-j-r^o tr>oo«-
>-- cotootooo

OOCOCO«-vJ-CO tO^OCOin

cvj ^o co cvj o 'O to «-oooor^r-o cvito^oooo
«-«-cvjto v» v» m co o in «- -o in ro cvj m co

*-«-f\J CVJtOKvJ-OCVJ

o f^ in in tn r^
«-OCVJ»- 

_ -OOvOLO _ .... - «- cvj CM to v» m^o»-
OJ OOOOOO

to in ̂ o«-coo cvj s*O^O»-( 
*~ £«- «-«-c>jcvj!

. . Oto«-ococoin
CVJ m CO *"* tO ̂ O O^ si" CVJ *   r*»

«- «-»-»-cvj tov»m
in oooooo 

«-cvj in co

to^Oinoo O>.«-cvjtotoino toooooo
 r-vtLO r^OCVJ^OCVJOCVJ tO in (MOO tO CVJ

«-«-«- CVJ tO v» - - - -

O «- CVJ v» O CO O

OOOOOvfrLO

>tO (MOO^OvOOO
>«- inoinintoin
«- «-cvj v» co in cvj -to

 -cvjinoco

g
CLU «-v» co in cvj X} is m cvj 

«-cvj

II II II II II II II II II II II II II H II II II II II II

-1
_ c oinooooo ooooooo oooooo _ fl) ....... ....... ......
i. °

93



g

CO

±t Q

oo«-«Minrot> «-
OOOOO« (M in N> v-(M < in <4- (M^OO

 i OOOOP*JN-«-
-»o «-

*-OJ (M>*-OOOOOOO

oo «-rot> infrs <>ro^Omoo «-«-«- <M ro in vOt>«-oino l>O

in oo o-j-<M o N- <Mr^roooog>Oro»-«-f\iroro ^j-«4-in«oo«-'>O .-.....--__.
»-»- (M(M >*  CO CO rO

><r oooor^oo 
 «- r\inj«4-ocoo

ui ro in r^ o-4-<M oo inojom-

PO O* in O* *\i in «~ I\I«~O*AJOO
«- CJ<\JrO«4-'O^«- ^COCOCO^ON

OOO«-(MinCO (MOO>OO
ooooooo «- «- ro <M in in  

«->»-o«- «- f\i co %*  r«- co

« ro roinino« 

-Q OOi-CJ^OCO'O «-tr»>»-
jj oe ooooo«-N- ^o F~«4- r«- in ro >»  -j-
" J O ' ^PO^OO'OOu «  (Mro^o

8.

 §
u

g

II II II II II II II II II II II II II II II II II II II II

o c oinooooo ooooooo oooooo
  u oooooinoin Oinooooo inooin«M« < <- oooooooo cor«-r«-*oin>»  ro CVKM*-

o 
ro 
ro

*- «-<\Jrocoo«NJ>»- __ . ___«-rom ^«-co«4-com«-ro«-oo

«-<M ro in N- ro >»  o «- -j-oooooo-- - - omro-4--J-O

o ro  O O> in <M  Oooo-j->OON- _i ...     
u o «->j-r^ .- m o«-  o ̂  co <M^jr\io«oo

«-f\i 

o«-moo>
>^ or^ to coco

yt ....... .....
3 o in«4-O> in ro <M«\J «T- N. in

xj >»  m N. ro o o >o-j-oooo 
-j-in <MO too

oe «4-om«-co^Of\i 
< r0inin °J2

;

u ocor^O
roM^o'oo>t m N. co o> o ro  «ov£

3 Oininin
CO - -    

OOOOOlTKM OOOOOO

«  iMiMro^inN. S«MiniAforo

ro in co in ro ro in
r^ooooo

^oooro-J"OT-«-

ooo«-m<>in 
o o ^*ro

-_ «-ooooo
_.._,.-.»«- inocoro^o - - -cjro^^o ^ ..--

%o f/> <\i so in o ̂  omooooo 
*~*~ ^<M«4-com

ocom
s-in ̂ t-j-m op in -j-inoooo 

^*- O >»  co in >» 

i  ooooorom

»-Q
UJQ£

O
O.U

u n u u u u u

JT 0000»  OON-OOOO

«-<Minco 

II II II II II II II II II II II II II

3 C OinOOOOO OOOOOOO OOOOOO
« 0) ....... ....... ......
  u oooooinoin oinooooo mOOin(M« 

- - cor^r«-»oin^*-ro «M«M«-

94



1

o in so oo oo in M
O  -M'O o ho N- N. -j- in

OOvfrMvfrOOvfr 
N-OSO

N.-4-commoT- oo
.--__--_, co in vt oo fi >O PJ vfr >_____ 
 - «- PJ vt in N. oo o PJ N. in in PJ MM^Ovto

<O oo co O  - oo

at «-o >o PJ  O r>-o in  -PJ oo PJ  -eg oooooo
Q. M vt in N.  - >o o vt oo PJ «- in ro oo O«-PJCOOO
< »-»-PJ PJ PJ M vfr in K-O «-vfr »-r>-r>-O

oe.ee. in in  - in in M O inOini>ooooo oooooo
t vt co o »-«o vt o r>-vt o M <r vt o inpjpjpjoo

«-«- »-pjineof*»oo

LU vt in in O in r>-O ") * - 
 -PJ

T-O OOOOOO
o>m N-hoooooo
o^ ^o ^o co r*. ̂ o ^o co

 - «- PJ vt 00 -fr t>

pJN-oinopj^ m m N->o co o o oooooo    fO» «o   >o»  Moooin pjN-oomoo
«- - PJ PJ M vt in oo«- vt t> r*. r*. oo PJ

M vt in oo vt oo PJ o» 

Oinooooo M»-
M M «* in >o o >O inino«^pjin

O o «-M in r*.  ->o m co r*. vt»-oooo 
z »-pJinOPJ in»-opjN-« 

^PJ>OOO

 - PJ M >O  -

Q. u o
S LU 

ee.

>vtPJ inooooc
)vt>O j-fO*-OMC

n n n n n n n n ii n n n n n n n n n n n

\- o opi °
Oinooooo ooooooo oooooo 'oo'in

vfr 00 00 00 >t O >O

OOOOON-inOPJ OOOlAPJ

«-pj«nooPJOco -o  * in PJ PJ "C M N.N-MOOO
" ' ^OOPJOOOO in>OMPJPJM

»-»-pjpjvt ml

O O -4- >O hO hO »-

ON-ino
O(MN-O>OO(M T-

-j- mooooo
PJMvt>O N-OPJKlLnOO

oooooo
*-vt OO>O

inN-OOOOO OOOOOO
_ . _ _ _ , _ , , M *^ in N- O PJ M O hO ^O O O O
«- «- PJ PJ M vt in O N-CO O hO CO-4- O>O^ON-vOCO

»-»-«-PJ PJK1 ._,_£}

 O O vt N. M 00 PJ T-PJOOOOO OOOOOO
PJ in in »-ro o «  M in N. co »-PJ >O N-inoooo --"  ' COOOMCOvfrvfr «-»-r- ~"  

oroooooo PJ K. PJ vt N. in M
N-OOOMN-MM

fO*  » *OfO» OOO OOOOOO
OO 00 00 PJ in N. 00 N. >OPJPJOOO
PJPJ M vt >OCO «-in vt «- PJ PJ>O PJ00

OvtPJOPJ

in»-vto>*

_ . - - -- ^ _ _-__ OOOOOO
»->OO M oo in PJ in >o vt rovtooooo

»- «-»-PJvfrN.»-N. M«-

T-OOOOO
^^OPJ^OOO
00*-OOOOOO

oo O> vt in o ro
i-O

g
Q.CJ o *-PJ in PJ >O >O
g ill ^ PJ«^ 

tx.
  OinN-OOO^O ON-(« «  PJ ^ r*. PJ >o »-N-«o ro in

»-  - PJ vfr CO vt O

!§§8

n n n n n n n n n n n n n n n n n n H n
._ .u
oc Oinooooo ooooooo oooooo
  OJ ....... ....... ......

u oooooinom omooooo inoompj*-
(_ OOOOOOOO CO N-N->O in-J-hO PJPJ*-

95



-j- in <o eo«-  * co »-mineo«-ro
«-«-«- CM CM  ><  ox o-4-

CMIO

«-roro in <o <o ox CM <o o in«-**omco - -CM CM ro >o«-in r»-
»-CMIO

«-»-ro-j-in N-co O CM m ox ^o CM CM oo o ro «*

^%1
cMroromN-oxcM -j-^o co  * CM CM o COOXCMCOOO«- «-«-«- CM ro -»  <o r»-oxoorocM

CM ~» coin

oinro 
roF-o<
in r«- ox«- in o CM in co CM o CM ox N- oooxmoo 

T-T-CMCM CM CM ro -j- in <o ox cMin<>«-oxeo
«-«-CMinON-

. ... __ _ , >ON-OCMOOro -»   * *o co o -j- N-«-«-roroco
T-T- «  CM -j- N- CM in

<o-» -»  CM  * co

^oN-roro
Ox 00 Ox CM CO «- <- N--4-CO<-OCM

«- CM ro in ox -j- ox CM -j- f»- in f»- ro N-
«-«- CM CM CM rO -J- <O CO

0-4-OOOOXOX
>t N-O in N-*O CO «-

T-^-ro -»   * in N-  - in ox CM^ON-OOCO
«-«-«- CM CM-J-CO «-«-

cMro

«-romr»- OX«- «-rooxocMO
«-«-T-CMrOin N-OXOON-'OO

II II II II II II II II II II II II II II II II II II II II 

omooooo ooooooo oooooo

0 
HI
1 

3
HI
Of

O
o
^o
o

1
OJ
(A

V 
Q.

4-1
Of
Of«*-

u 
!5
3
U

HI
<J
DC
^(
3:
u

^ 0

3
0

o1 
HI
z
z
^
u
1 

G£

>
0

3:
O

oto
CM
fO
O
ro 
ro
0

z
O
1 

CO

Q. 
HI

O

 J
3

Z
^
-3

^
X

Of 
Q.

3

3
u
sc at^g

c
z
3
£ m

HI
LL.

Z
""

u
HI
0

^^
^J
z

u 
o

11  o
LUCX
3.CJ

Doc
u

Z 4->
O C
  0) 
- 0

aS?

ooooooo-j-oin«-ooo 
in co oo -»  o -j- o
ro -»  in r»- o CM in

ooooooo
oromcMooo «- in «- CM >o «- o 
in -o N- co o -»  N-v  v  v 

ooooooo
<O N- OO «- O O O
-j- CM ro <O oo oo CM

«-cMro

ooooooo
«-inooooo
x* ̂ 3 00 ^3 v  Ox rO
>O r»- 00 v <O in CM«-«-cMro

ooooooo
ooooooo
CO ^3 v  r*» ^3 -»^ » 
«- CM CM CM ro -j- in

ooooooo
ooooooo
00 O Ox «- N- >O >O
 O >t in o in in CM

ooooooo
ooooooo
ox CM N. in «  in o

*""

ooooooo
ooooooo
CM *O in O CO CO N-
ocMinovoroin
CM CM CM ro in r^ eo

ooooooo
ooooooo 
«o ox co in in o -» 
CM -J- in N- O <O CM
CM CM CM CM ro ro -j-

ooooooo
ooooooo N-N-rooN-ro<O 
in N- o»  * CM co r»-«- «- «- CM ro -j- in

ooooooo
ooooooo
«^ ro **^ ^^ ^3 co O^
fO  * in o <o «- in

ooooooo
O>CMOXOOOOox ox -^ o in co N. 
in N- co o CM in N-

ooooooo
srrocMooooin -j- co CM r»- CM <o
ro r^^ oo ** ̂ D ^^ ^^

^^ v CM ro

n n u n n n u

omooooo
o ox ox co mo in
OOxOxOOOxCO

ooooooo
ooooooo

ooooooo
ooooooo 
«* co CM o «- m ox
O T- ̂ - o N- in CO
«- CM CM ro ro  * in

ooooooo
ooooooo«* ox r»- «  «  CM   *
in co CM «- «- CM «-
ro ro -j- m <o f«- co

ooooooo
oooooooro ro ox *~ CM v~ ^?
o co -»  eg «- co m
«* »* m >o oo ox CM*"

ooooooo
ooooooo «->OOxr»-ooo
CO ^O in 00 O CM CM
in H> F- ox ro <o oxv  v  v 

ooooooo
ooooooo 
ooooooo
o in in in N- ox «£ o «- CM m oo «- >o

ooooooo
ooooooo
ooooooo,-«-«- o «- vo in 
CM ro  * <o ox CM <o

ooooooo
ooooooo
ooooooo
<O in <o N- in ro N-
Ox ^3 T  ro ̂ D ^3 in

v v" v" v" CM I\J

ooooooo
ooooooo rooxroN-oooox r»- r^ «  m «-  -^ 
 «f in ̂ D Ox ^^ in Ox«-«-«-

ooooooo
ooooooo 
rocorooooo 
in CM **^ ^D in ̂ D *«f^Df*» co ̂ ? ro r^M v"*

»-»-»-CJ

ooooooo
ooooooo
T~ O^ O* ^~ *"  ^3 ^3
^3 -^ ̂ s {^ -^ (\J ^^
>^ **^ **^ lf\ N* ^3 (\J

T-«-

0000000
ooooooo 
o> «- N- co ox ro ro
OX CM -»  »  O <O O
«- CM CM ro -»  m r»-

ooooooo
ooooooo
rooooocMroooS-  * CM o «- o r»-
ro  * in N- ox CM inv  v 

n n n n n n n

ooooooo
omooooo

oooooo
oooooo
COCO Ox O *~O*
in>oooin-»?o «-cMro

oooooo
oooooo 
10*00000
^9 co v-* m v ro

r-^-CMCM

OOOOOO

§ 00 ^3 ^3 ^3 ^3
^j rO ^D CM Ox
OX CM in »- CM

T-*~CMCM

OOOOOO
oooooo
oooooo
OxN-inromo
ro m ̂ ^ ^D *«f oo«-«-cMCMroro

oooooo
oooooo 
oooooo
CMCO«-«-CMCM

CM CM ro ro  * in

oooooo
oooooo 
oooooo
000*0 ox ro in
cMrororo-^-^

oooooo
oooooo
oooooo
ro ox ox -4- CM in 
coocominN-
CM ro ro -j- in in

oooooo
oooooo
ooooooro **^ ro v r*» ^^
co «- ox m «-  *
CM ro ro -j- in in

oooooo
oooooo 
oooooo
«-^co*ocMin
CM CM CM ro «* -» 

oooooooooooo 
oooooo «-«-N-incoco
romco*ON-in
CM CM CM ro -»  in

oooooo
oooooo
oooooor»- CM -j- ro m ox
roino'OOto
«-«-CMCMCMIO

oooooo
oooooo
sOOOOOO
co <o CM »  r»- m
N-omoinN-

«- CM CM CM

OOOOOO
OOOOOO
oooooo«-cMOxrooro
co«-N-inroeo

n u n n n n

oooooo
inoomcM v
CMCM»-

96



&

û
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APPENDIX 2

PLOTS SHOWING FLOW DURATION FOR 
THE COMPLETE RECORD FOR THE 
UNREGULATED, REGULATED, AND

HISTORICAL PERIODS FOR
STREAMFLOW-GAGING STATIONS

INCLUDED IN THE STUDY
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ELKFOOT BRANCH NEAR NIGH, KY (03207915), 1981-84
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SELECTED GRAPEVINE CREEK BASIN STATIONS
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LEVISA FORK BELOW FISHTRAP DAM NEAR MILLARD, KY (03208000)
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RUSSELL FORK AT ELKHORN CITY, KY (03209300)
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SHELBY CREEK AT DORTON, KY (03209440), 1973-76
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LEVISA FORK AT PIKEVILLE, KY (03209500)
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LEVISA FORK AT PRESTONSBURG, KY (03209800)
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JOHNS CREEK NEAR META, KY (03210000), 1942-90
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JOHNS CREEK NEAR VAN LEAR, KY (03211500)
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PAINT CREEK AT STAFFORDSVILLE, KY (03212000), 1951-75
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LEVISA FORK AT PAINTSVILLE, KY (03212500)
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RIGHT FORK HURRICANE CREEK NEAR 
STOPOVER, KY (03213630), 1981-83
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BIG SANDY RIVER AT LOUISA, KY (03215000)
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BLAINE CREEK AT YATESVILLE, KY (03215500): 1916-18,1939-75
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SELECTED OHIO RIVER MAIN STEM STATIONS
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SELECTED OHIO RIVER MAIN STEM STATIONS
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LITTLE SANDY RIVER BELOW GRAYSON DAM 
NEAR LEON, KY (03216350)
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LITTLE SANDY RIVER AT GRAYSON, KY (03216500)
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EAST FORK LITTLE SANDY RIVER NEAR 
FALLSBURG, KY (03216540), 1973-90
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SELECTED TYGARTS CREEK BASIN STATIONS

10,000

1,000

8
UJ 
CO
cc
UJ 
Q.

UJ 
UJ 
U_

g m
o

UJ 
CD

o
CO 
Q

100

10

TYGARTS CREEK AT OLIVE HILL, KY (03216800), 1958-90 

TYGARTS CREEK NEAR GREENUP, KY (03217000), 1941-90

0.1

0.01
0.1 12 5 10 20 30 40 50 60 70 80 90 95 98 99 

PERCENTAGE OF TIME INDICATED DISCHARGE WAS EQUALED OR EXCEEDED

99.9

180



CABIN CREEK NEAR TOLLESBORO, KY (03237900), 1973-90
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LICKING RIVER NEAR SALYERSVILLE, KY (03248500), 1939-90
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LICKING RIVER AT YALE, KY (03249000), 1939-42
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LICKING RIVER AT FARMERS, KY (03249500)
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SELECTED TRIPLET! CREEK BASIN STATIONS
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ROCK LICK CREEK NEAR SHARKEY, KY (03250320), 1974-82
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LICKING RIVER AT BLUE LICK SPRINGS, KY (03250500), 1939-59
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NORTH FORK LICKING RIVER NEAR LEWISBURG, KY (03251000), 1947-90
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LICKING RIVER AT MCKINNEYSBURG, KY (03251500)
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SELECTED SOUTH FORK LICKING RIVER BASIN STATIONS
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LICKING RIVER AT CATAWBA, KY (03253500)
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NORTH FORK GRASSY CREEK NEAR FINER, KY (03254400), 1968-83
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LEATHERWOOD CREEK AT DAISY, KY (03277400), 1965-74
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CARR FORK NEAR SASSAFRAS, KY (03277450)
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NORTH FORK KENTUCKY RIVER AT HAZARD, KY (03277500)
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SELECTED NORTH FORK KENTUCKY RIVER BASIN STATIONS
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NORTH FORK KENTUCKY RIVER AT JACKSON, KY (03280000)
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SELECTED MIDDLE FORK KENTUCKY RIVER BASIN STATIONS
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MIDDLE FORK KENTUCKY RIVER AT BUCKHORN, KY (03280900)
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MIDDLE FORK KENTUCKY RIVER AT TALLEGA, KY (03281000)
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SELECTED SOUTH FORK KENTUCKY RIVER BASIN STATIONS
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KENTUCKY RIVER AT LOCK 14 AT HEIDELBERG, KY (03282000)
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SELECTED RED RIVER BASIN STATIONS
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KENTUCKY RIVER AT LOCK 10 NEAR WINCHESTER, KY (03284000)

100,000

50,000

20,000

10,000

5,000

8
UJ 
CO

£ 2,000
Q.

tn
UJ
u_
2 1,000
CO 

O

UJ
o
DC 
<

O 
CO 
Q

    UNREGULATED: 1908-60

.......... REGULATED: 1963-90

    HISTORICAL: 1908-90

500

200

100

50

20

10
0.1 125 10 20 30 40 50 60 70 80 90 95 98 99 99.9 

PERCENTAGE OF TIME INDICATED DISCHARGE WAS EQUALED OR EXCEEDED

99.99

204



SILVER CREEK NEAR KINGSTON, KY (03284300), 1968-83
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KENTUCKY RIVER AT LOCK 8 NEAR CAMP NELSON, KY (03284500)
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WEST HICKMAN CREEK AT JONESTOWN, KY (03284550), 1975-84
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SELECTED DIX RIVER BASIN STATIONS
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SELECTED KENTUCKY RIVER MAIN STEM STATIONS
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SELECTED ELKHORN CREEK BASIN STATIONS
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FLAT CREEK NEAR FRANKFORT, KY (03290000), 1952-71
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SELECTED EAGLE CREEK BASIN STATIONS
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HARRODS CREEK NEAR LAGRANGE, KY (03292460), 1969-90
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SELECTED BEARGRASS CREEK BASIN STATIONS
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SELECTED SALT RIVER BASIN STATIONS
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  SALT RIVER NEAR HARRODSBURG, KY (03295000), 1953-73

   SALT RIVER NEAR VAN BUREN, KY (03295500), 1939-82

   BRASHEARS CREEK AT TAYLORSVILLE, KY (03295890), 1982-90
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SELECTED PLUM CREEK BASIN STATIONS
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SELECTED FLOYDS FORK BASIN STATIONS
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FLOYDS FORK NEAR CRESTWOOD. KY (03297845). 1980-90

.......... LONG RUN NEAR EASTWOOD, KY (03297970), 1975-77
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SALT RIVER AT SHEPERDSVILLE, KY (03298500)
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SELECTED ROLLING FORK BASIN STATIONS
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     ROLLING FORK NEAR LEBANON, KY (03299000), 1939-90

.......... BEECH FORK NEAR SPRINGFIELD, KY (03300000), 1953-72

    BEECH FORK AT MAUD, KY (03300400), 1973-90
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POND CREEK NEAR LOUISVILLE, KY (03302000), 1945-90
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SELECTED UPPER GREEN RIVER BASIN STATIONS
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    MCGILLS CREEK NEAR MCKINNEY, KY (03304500). 1952-71

...   GREEN RIVER NEAR MCKINNEY, KY (03305000), 1952-73

-   GREEN RIVER NEAR MOUNT SALEM, KY (03305500), 1954-61
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GREEN RIVER NEAR CAMPBELLSVILLE, KY (03306000)
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GREEN RIVER AT GREENSBURG, KY (03306500)
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SELECTED RUSSELL CREEK BASIN STATIONS
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SOUTH FORK LITTLE BARREN RIVER AT EDMONTON, KY
(03307500), 1942-72
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GREEN RIVER AT MUNFORDVILLE, KY (03308500)
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GREEN RIVER AT MAMMOTH CAVE, KY (03309000), 1939-50
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MCDOUGAL CREEK NEAR HODGENVILLE, KY (03309500), 1954-71
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SELECTED NOLIN RIVER BASIN STATIONS
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  NORTH FORK NOLIN RIVER AT HODGENVILUE. KY (03310000), 1942-73

  NOLIN RIVER AT WHITE MILLS, KY (03310300), 1960-90

  BACON CREEK NEAR PRICEVILLE, KY (03310400), 1960-90

   NOLIN RIVER AT WAX, KY (03310500), 1937-62
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NOLIN RIVER AT KYROCK, KY (03311000)
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GREEN RIVER AT LOCK 6 AT BROWNSVILLE, KY (03311500)
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BEAVERDAM CREEK AT RHODA, KY (03311600), 1973-90
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BEAR CREEK NEAR LEITCHFIELD, KY (03312000), 1950-71
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BARREN RIVER NEAR PAGEVILLE, KY (03312500), 1940-63
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BARREN RIVER NEAR FINNEY, KY (03313000)
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WEST BAYS FORK AT SCOTTSVILLE, KY (03313500), 1951-72
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SELECTED DRAKES CREEK BASIN STATIONS
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BARREN RIVER AT BOWLING GREEN, KY (03314500)
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BARREN RIVER AT LOCK 1 AT GREENCASTLE, KY (03315000), 1925-31
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GREEN RIVER AT LOCK 4 AT WOODBURY, KY (03315500)

100,000

50,000

o o
UJ 
CO
tr
HI 
Q.

g m => 
o

HI
o oc
<
X
o
CO

20,000

10,000

5,000

2,000

1,000

500

    UNREGULATED: 1938-62

.......... REGULATED: 1964-90

    HISTORICAL: 1938-90

200

100
0.1 12 5 10 20 30 40 50 60 70 80 90 95 98 99 

PERCENTAGE OF TIME INDICATED DISCHARGE WAS EQUALED OR EXCEEDED

99.9

240



MUD RIVER NEAR LEWISBURG, KY (03316000), 1940-72
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GREEN RIVER AT PARADISE, KY (03316500)
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SELECTED ROUGH RIVER BASIN STATIONS
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ROCK LICK CREEK NEAR GLEN DEAN, KY (03318200), 1957-71
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ROUGH RIVER AT FALLS OF ROUGH, KY (03318500)
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CANEY CREEK NEAR HORSE BRANCH, KY (03318800), 1957-90
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ROUGH RIVER NEAR DUNDEE, KY (03319000)
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GREEN RIVER AT LOCK 2 AT CALHOUN, KY (03320000)
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SELECTED POND RIVER BASIN STATIONS
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SOUTH FORK PANTHER CREEK NEAR WHITESVILLE, KY 
(03321350), 1969-83
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BEAVERDAM CREEK NEAR CORYDON, KY (03322360): 
1973-82, 1984-86, 1989-90
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SELECTED TRADEWATER RIVER BASIN STATIONS
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ROSE CREEK AT NEBO, KY (03384000), 1953-70
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SELECTED POOR FORK BASIN STATIONS
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MARTINS FORK ABOVE SMITH, KY (03400785), 1986-90
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MARTINS FORK NEAR SMITH, KY (03400800)
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CLOVER FORK AT HARLAN, KY (03400990)
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CUMBERLAND RIVER NEAR HARLAN, KY (03401000)
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YELLOW CREEK NEAR MIDDLESBORO, KY (03402000), 1941-90
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SELECTED CUMBERLAND RIVER MAIN STEM STATIONS
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CLEAR FORK AT SAXTON, KY (03403910), 1969-90
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SELECTED LAUREL RIVER BASIN STATIONS
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WOOD CREEK NEAR LONDON, KY (03406000), 1954-71
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SELECTED ROCKCASTLE RIVER BASIN STATIONS
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CANE BRANCH NEAR PARKERS LAKE, KY (03407100): 1957-66, 1974
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HELTON BRANCH AT GREENWOOD, KY (03407300), 1957-74
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BUCK CREEK NEAR SHOPVILLE, KY (03407500), 1953-90
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SELECTED SOUTH FORK CUMBERLAND RIVER BASIN STATIONS
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SELECTED PITMAN CREEK BASIN STATIONS
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BEAVER CREEK NEAR MONTICELLO, KY (03413200), 1969-83, 1990

10,000

O

111 
CO
CE 
111 
Q.

ID
O 
CO

O
z
111' 
CD

O 
CO

5,000

2,000

1,000

500

200

100

50

20

10

0.5

0.2

0.1
0.1 12 5 10 20 30 40 50 60 70 80 90 95 98 99 

PERCENTAGE OF TIME INDICATED DISCHARGE WAS EQUALED OR EXCEEDED

99.9

270



CUMBERLAND RIVER NEAR ROWENA, KY (03414000)
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WHIPPOORWILL CREEK NEAR CLAYMOUR, KY (03435140), 1974-90
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SELECTED LITTLE RIVER BASIN STATIONS
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TENNESSEE RIVER NEAR PADUCAH, KY (03609500)
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SELECTED CLARKS RIVER BASIN STATIONS
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MASSAC CREEK NEAR PADUCAH, KY (03611260), 1972-90
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PERRY CREEK NEAR MAYFIELD, KY (07022500), 1953-65, 1968-72
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MAYFIELD CREEK AT LOVELACEVILLE, KY (07023000), 1939-72
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OBION CREEK AT PRYORSBURG, KY (07023500), 1952-73
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BAYOU DE CHIEN NEAR CLINTON, KY (07024000): 1940-78, 1985-90

10,000 I r i i ,

LU 
CD

O 
W
O

5,000

2,000

1,000

500

200

UU 
CO 
DC 
UU 
Q.

LU 
LU

y 100
CD
3 
O
Z

50

20

10

0.1 12 5 10 20 30 40 50 60 70 80 90 95 98 99 

PERCENTAGE OF TIME INDICATED DISCHARGE WAS EQUALED OR EXCEEDED

99.9

281





INDEX OF GAGING STATIONS

(first number is table location, second number is plot location)

Airdale, North Fork Kentucky River near ........................................................................................................64, 196
Almo, Clarks River at..................................................................................................................................... 154,276
Alvaton, Drakes Creek near............................................................................................................................ 115,237
Apex, Pond River near.................................................................................................................................... 128, 249
Ashland, Ohio River at......................................................................................................................................40,174

Bacon Creek near Priceville............................................................................................................................ 107, 229
Barbourville, Cumberland River at................................................................................................................. 139,260
Bardstown, Beech Fork at.................................................................................................................................95, 219
Barren River, at Bowling Green ..............................................................................................................115-116, 238

at lock 1, at Greencastle........................................................................................................................... 117, 239
nearFinney.....................................................................................................................^
nearPageville.................................................»

Bayou de Chien near Clinton.......................................................................................................................... 158, 281
Bear Branch near Noble....................................................................................................................................62,196
Bear Creek near Leitchfield............................................................................................................................ 111,233
Beargrass Creek, Middle Fork, at Louisville.................................................................................................... 85, 214

South Fork, at Louisville ...........................................................................................................................84,214
Beaver Creek near Monticello........................................................................................................................ 148,270
Beaverdam Creek (tributary to Green River) at Rhoda.................................................................................. Ill, 232
Beaverdam Creek (tributary to Highland Creek) near Corydon..................................................................... 129, 251
Beech Fork, at Bardstown.................................................................................................................................95,219

at Maud .....................................................................................................................................
near Springfield............................................................................^

Benton, Clarks River near ...............................................................................................................................155,276
Big Creek, Red Bird River near........................................................................................................................69, 201
Big Sandy River at Louisa...........................................................................................................................38-39,172
Billows, Rockcastle River at........................................................................................................................... 143, 264
Blaine Creek at YatesviUe.................................................................................................................................39, 173
Blue Lick Springs, Licking River at.................................................................................................................51,187
Booneville, South Fork Kentucky River at.......................................................................................................70, 201
Boston, Rolling Fork near.................................................................................................................................95,219
Bowling Green, Barren River at ..............................................................................................................115-116,238
Brashears Creek at Taylorsville ........................................................................................................................87,215
Brewers, West Fork Clarks River near........................................................................................................... 155, 276
Brownsville, Green River at lock 6, at.....................................................................................................!09-110, 231
Buck Creek near Shopville ............................................................................................................................. 145, 267
Buckhorn, Middle Fork Kentucky River at .................................................................................................66-67, 199
Burgin, Dix River near......................................................................................................................................78, 208
Burnside, Cumberland River at....................................................................................................................... 146,260

Cabin Creek near Toilesboro ............................................................................................................................46, 181
Cadiz, Little River near................................................................................................................................... 151, 273
Calhoun, Green River at lock 2, at........................................................................................................... 126-127,248
Campbellsville, Green River near ..............................................................................................................99-100,222
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Camp Nelson, Kentucky River at lock 8, near.............................................................................................75-76, 206
Cane Branch near Parkers Lake...................................................................................................................... 144,265
Caney Creek near Horse Branch..................................................................................................................... 124, 246
Cannelton Dam, Ohio River at..........................................................................................................................96, 175
Carr Fork near Sassafras ..............................................................................................................................59-60, 194
Catawba, Licking River at...........................................................................................................................55-56, 191
Cave Creek near Fort Spring.............................................................................................................................80, 210
Cerulean, Muddy Fork Little River near......................................................................................................... 151,273
Cincinnati, Ohio River at.................................................................................................................................. 57, 174
Clarks River, at Almo ..................................................................................................................................... 154, 276

atMun^y........................................................................................................................^
near Benton..............................................................................................................................................155,276
West Fork, near Brewers.......................................................................................................................... 155, 276

Clay City, Red River at....................................._^
Claymour, Whippoorwill Creek near.............................................................................................................. 150, 272
Clear Fork at Saxton ....................................................................................................................................... 139, 261
Clinton, Bayou de Chien near......................................................................................................................... 158, 281
Clover Fork at Harlan............................................._^
Columbia, Russell Creek near......................................................................................................................... 102, 224
Corbin, Laurel River at................................................................................................................................... 142, 262

Laurel River at Municipal Dam near....................................................................................................... 141, 262
Lynn Camp Creek at................................................................................................................................ 141, 262

Corydon, Beaverdam Creek near.................................................................................................................... 129, 251
Crestwood, Floyds Fork near ............................................................................................................................90,217
Cumberland, Poor Fork at............................................................................................................................... 133, 254
Cumberland Falls, Cumberland River at......................................................................................................... 140, 260
Cumberland River, at Barbourville................................................................................................................. 139, 260

at Burnside............................................................................................................................................... 146,260
at Cumberland Falls................................................................................................................................. 140, 260
atwaiiamsburg................................^
near Grand Rivers.................................................................................................................................... 152, 274
nearHarlan............................................^
near Pineville..........................................._^
nearRowena................................................................................................................................^
South Fork, at Nevelsville........................................................................................................................ 146, 268

near Stearns............................................................................................^
Cutshin Creek at Wooton..................................................................................................................................65, 198
Cynthiana, South Fork Licking River at........................................................................................................... 54,190

Daisy, Leatherwood Creek at............................................................................................................................ 58, 193
Dalton, Tradewater River near........................................................................................................................ 131, 252
Danville, Dix River near ...................................................................................................................................77,208
Dicks Fork at Phyffis.................................^ 161
Dix River, near Burgin...................................................................................................................................... ̂

nearDanville..........................^
Dorton, Shelby Creek at.......................................................................................m 164
Drakes Creek, near Alvaton............................................................................................................................ 115, 237

West Fork, near Franklin......................................................................................................................... 114, 237
Dundee, Rough River near.......................................................................................................................125-126, 247
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Eagle Creek, at Glencoe....................................................................................................................................83,212
Eagle Creek at Sadieville.................................................................................................................................. 83, 212
Eastwood, Long Run near.................................................................................................................................91, 217
Edmonton, South Fork Little Barren River..................................................................................................... 103, 225
Elkfoot Branch near Nigh.................................................................................................................................26, 160
Elkhorn City, Russell Fork at.......................................................................................................................29-30, 163
Elkhorn Creek near Frankfort ...........................................................................................................................81, 210

Falls of Rough, Rough River at ...............................................................................................................123-124, 245
Rough River near..................................................................................................................................... 122, 243

Fallsburg, East Fork, Little Sandy River near...................................................................................................44, 179
Fanners, Licking River at............................................................................................................................48-49, 184
Finney, Barren River near........................................................................................................................112-113, 235
Fishtrap Dam near Millard, Levisa Fork below...........................................................................................27-28, 162
Fisherville, Floyds Fork at................................................................................................................................91,217
Flat Creek near Frankfort.................................................................................................................................. 82, 211
Floyds Fork near Crestwood.............................................................................................................................90, 217
Floyds Fork at Fisherville .................................................................................................................................91,217
Fort Spring, South Elkhorn Creek at................................................................................................................. 80, 210

Cave Creek near......................................................._
Frankfort, Elkhorn Creek near..........................................................................................................................81,210

Flat Creek near..........................................................................._
Kentucky River at lock 4, at ......................................................................................................................79, 209

Franklin, West Fork Drakes Creek near.......................................................................................................... 114,237

Georgetown, North Elkhorn Creek near........................................................................................................... 79, 210
Glencoe, Eagle Creek at..............................................................................................................................^
Glen Dean, Rock Lick Creek (Green River Basin) near................................................................................. 122, 244
Golconda, IL, Ohio River at Dam 51, at......................................................................................................... 132, 175
Goose Creek at Manchester ..............................................................................................................................69,201
Grand Rivers, Cumberland River near............................................................................................................ 152,274
Grapevine Creek near Phyllis ...........................................................................................................................27, 161
Grassy Creek, North Fork near Finer................................................................................................................ 57,192
Grayson, Little Sandy River at.....................................................................................................................43-44, 178
Grayson Dam near Leon, Little Sandy below..............................................................................................40-41,176
Greencastle, Barren River at lock 1, at........................................................................................................... 117, 239
Green River, at lock 2, at Calhoun........................................................................................................... 126-127, 248

at lock 4, at Woodlwiy........................^
at lock 6, at Brownsville ...................................................................................................................109-110, 231
at Greensburg................................_^
at Mammorn Cave...............................^
at Munfordville.............................................^^
at Paradise.........................................................................................................................................119-120,242
near Campbellsville ............................................................................................................................99-100,222
nearMcKinney.........................................................................................................................^
near Mount Salem...................................................................................................................................... 98, 221

Greensburg, Green River at..................................................................................................................... 100-101,223
Greenup Dam, Ohio River at ............................................................................................................................45, 174
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Greenup, Tygarts Creek near ............................................................................................................................46, 180
Greenwood, Helton Branch at......................................................................................................................... 144, 266
Gresham, Russell Creek near.......................................................................................................................... 102, 224

Harlan-Letcher County Line, Poor Fork at..................................................................................................... 132, 254
Harlan, Clover Fork at .............................................................................................................................135-136,257
Harlan, Cumberland River near ...............................................................................................................136-137, 258
Harrods Creek near LaGrange ..........................................................................................................................84, 213
Harrodsburg, Salt River near ............................................................................................................................86, 215
Hayes, South Fork Licking River at.................................................................................................................. 55, 190
Hazard, North Fork Kentucky River at........................................................................................................60-61, 195
Hazel Green, Red River near ............................................................................................................................72, 203
Heidelberg, Kentucky River at lock 14, at...................................................................................................70-71, 202
Helton Branch at Greenwood.......................................................................................................................... 144, 266
Hodgenville, McDougal Creek near............................................................................................................... 105, 228

North Fork Nolin River at........................................................................................................................ 106, 229
Hopkinsville, South Fork Little River at......................................................................................................... 150,273
Horse Branch, Caney Creek near.................................................................................................................... 124, 246
Hurricane Creek, Right Fork near Stopover .....................................................................................................37, 171
Hyden, Middle Fork Kentucky River near........................................................................................................ 65, 198

Jackson, North Fork Kentucky River at.......................................................................................................63-64,197
Johns Creek, near Meta.....................................................................................................................................33, 167

near Van Lear...................................................._ 168
Jonestown, West Hickman Creek at .................................................................................................................77,207

Kentucky River, at lock 2, at Lockport.............................................................................................................82, 209
at lock 4, at Frankfort................................................................................................................................. 79, 209
at lock 6, near Salvisa................................................................................................................................78, 209
at lock 8, near Camp Nelson .................................................................................................................75-76, 206
at lock 10, near Winchester...................................................................................................................73-74, 204
at lock 14, at Heidelberg.......................................................................................................................70-71, 202
Middle Fork, at Buckhom.....................................................................................................................66-67,199

at Tallega.......................................................................................................................................67-68,200
near Hyden..................................................._ 198

North Fork, at Hazard ...........................................................................................................................60-61, 195
atJackson.................................................._ 197
near Airdale........................................................................................................................................64, 196

South Fork, at Booneville ..........................................................................................................................70, 201
Kingston, Silver Creek near..............................................................................................................................75, 205
Kyrock, Nolin River at.............................................................................................................................!08-109, 230

LaGrange, Harrods Creek near .........................................................................................................................84, 213
Laurel River, at Corbin ................................................................................................................................... 142, 262

at Municipal Dam, near Corbin............................................................................................................... 141, 262
Leatherwood Creek at Daisy.............................................................................................................................58, 193
Lebanon, Rolling Fork near ..............................................................................................................................93, 219
Leitchfield, Bear Creek near........................................................................................................................... Ill, 233
Leon, Little Sandy River at..........................................................................................................................41-42. 177

Little Sandy River below Grayson Dam, near......................................................................................40-41, 176
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LevisaFork, atPaintsville............................................................................................................................36-37, 170
at Pikeville............................................................................................................................................31-32,165
at Prestonsburg......................................................................................................................................32-33, 166
below Fishtrap Dam, near Millard........................................................................................................27-28,162

Lewisburg, Mud River near............................................................................................................................ 119, 241
North Fork Licking River near ..................................................................................................................52, 188

Licking River, at Blue Lick Springs .................................................................................................................51, 187
atCatawba......................................................^ 191
at Famers..........................................................^ 184
atMcKinneysburg................................................^^ 189
at Yale .............. ..........................._
near Salyersville.........................................................................................................................................47, 182
North Fork, near Lewisburg....................................................................................................................... 52, 188
South Fork, at Cynthiana ...........................................................................................................................54, 190

at Hayes ..............................................................................................................................................55, 190
Little Barren River, South Fork near Edmonton............................................................................................. 103, 225
Little Plum Creek near Waterford.....................................................................................................................89, 216
Little River, near Cadiz................................................................................................................................... 151, 2^^

Muddy Fork, near Cerulean..................................................................................................................... 151,273
South Fork, at Hopkinsville..................................................................................................................... 150, 273

Little Sandy River, at Grayson..................,.....................,............................................................................43-44, 178
at Leon..................................................................................................................................................41-42,177
below Grayson Dam, near Leon...........................................................................................................40-41,176
East Fork, near Fallsburg ...........................................................................................................................44, 179

Lockport, Kentucky River at lock 2, at.............................................................................................................82, 209
London, Wood Creek near.............................................................................................................................. 142, 263
Long Run near Eastwood..................................................................................................................................91, 217
Louisa, Big Sandy River at ..........................................................................................................................38-39,172
Louisville, Ohio River at...................................................................................................................................85,174

Middle Fork, Beargrass Creek at............................................................................................................... 85, 214
Pond Creek near................................................................................................................................»
South Fork Beargrass Creek at ..................................................................................................................84, 214

Lovelaceville, Mayfield Creek at.................................................................................................................... 157, 279
Lynn Camp Creek at Corbin........................................................................................................................... 141, 262

Madrid, Rough River near.............................................................................................................................. 121, 243
Mammoth Cave, Green River at..................................................................................................................... 105, 227
Manchester, Goose Creek at .............................................................................................................................69, 201
Markland Dam, Ohio River at........................................................................................................................... 58, 174
Martins Fork above Smith............................................................................................................................... 133, 255
Martins Fork near Smith ..........................................................................................................................134-135, 256
Massac Creek near Paducah............................................................................................................................ 156,277
Maud, Beech Fork at........................................................................................................................
Mayfield Creek at Lovelaceville..................................................................................................................... 157,279
Mayfield, Perry Creek near............................................................................................................................. 157, 278
Maysville, Ohio River at...................................................................................................................................47, 174
McDougal Creek near Hodgenville ................................................................................................................ 105, 228
McGills Creek near McKinney.........................................................................................................................97. 221
McKinney, McGills Creek near........................................................................................................................97, 221
McKinney, Green River near............................................................................................................................ 98, 221

INDEX OF GAGING STATIONS 287



McKinneysburg, Licking River at...............................................................................................................52-53, 189
Meta, Johns Creek near.....................................................................................................................................33, 167
Metropolis, IL, Ohio River at.......................................................................................................................... 156, 175
Middlesboro, Yellow Creek near.................................................................................................................... 138, 259
Midway, South Elkhorn Creek near.................................................................................................................. 81, 210
Millard, Levisa Fork below Fishtrap Dam near..........................................................................;................27-28, 162
Monticello, Beaver Creek near....................................................................................................................... 148, 270
Morehead, North Fork Triplett Creek near.......................................................................................................50, 185

Triplett Creek at.........................................................................................................................................50, 185
Mount Salem, Green River near .......................................................................................................................98, 221
Mud River near Lewisburg............................................................................................................................. 119, 241
Murray, Clarks River at.................................................................................................................................. 154, 276
Munfordville, Green River at...................................................................................................................!03-104, 226

Nebo, Rose Creek at........................................^
Nevelsville, South Fork Cumberland River at................................................................................................ 146, 268
Nigh, Elkfoot Branch near ................................................................................................................................26, 160
Noble, Bear Branch near...................................................................................................................................62, 196

Troublesome Creek at................................................................................................................................62, 196
Nolin River, at Kyrock...............................................^

at Wax......................................................................_
at White Mills ............................................._^
North Fork, at Hodgenville...................................................................................................................... 106, 229

North Elkhorn Creek near Georgetown ............................................................................................................79, 210

Obion Creek at Pryorsburg ............................................................................................................................. 158, 280
Ohio River at Ashland.......................................................................................................................................40, 174

at Cannelton Dam ......................................................................................................................................96, 175
at Cincinnati, OH.......................................................................................................................................57, 174
atDam51,atGolconda, IL......................................................................................................................132, 175
at Greenup Dam.........................................................................................................................................45, 174
at Louisville ...............................................................................................................................................85, 174
at Markland Dam ....................................................................................................................................... 58, 174
atMaysville............................................................................................................................................^ 174
at Metropolis, IL......................................................................................................................................156, 175
at Owensboro.............................................................................................................................................97, 175
atUniontown Dam................................................................................................................................... 130, 175

Olive Hill, Tygarts Creek at..............................................................................................................................45, 180
Olney, Tradewater River at............................................................................................................................. 130, 252
Owensboro, Ohio River at ................................................................................................................................97, 175

Paducah, Massac Creek near........................................................................................................................... 156, 277
Paducah, Tennessee River near................................................................................................................ 152-153, 275
Pageville, Barren River near........................................................................................................................... 112, 234
Paint Creek, at Staffordsville............................................................................................................................ 35, 169
Paintsville, Levisa Fork at............................................................................................................................36-37, 170
Panther Creek, South Fork, near Whitesville.................................................................................................. 129, 250
Paradise, Green River at........................................................................................................................... 119-120, 242
Paris, Stoner Creek at..............................,............................................................................................-............54, 190
Parkers Lake, Cane Branch near..................................................................................................................... 144,265
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Perry Creek near Mayfield.............................................................................................................................. 157,278
Phyllis, Dicks Fork at........................................................................................................................................26, 161
Phyllis, Grapevine Creek near.......................................................................................................................... 27, 161
Pikeville, Levisa Fork at..............................................................................................................................31-32, 165
Finer, North Fork Grassy Creek near................................................................................................................ 57, 192
Pineville, Cumberland River near................................................................................................................... 138, 260
Pitman Creek at Somerset............................................................................................................................... 147, 269

near Somerset........................................................................................................................................... 147
Plum Creek at Waterford..................................................................................................................................90,216

near Wilsonville.........................................................................................................................................88,216
Plum Creek Subwatershed No. 4, near Simpsonville .......................................................................................87,216
Plum Creek Subwatershed No. 17, near Waterford.......................................................................................... 89,216
Plum Creek Subwatershed No. 15, near Wilsonville........................................................................................88, 216
Pond Creek, near Louisville..............................................................................................................................96, 220
Pond River, near Apex.................................................................................................................................... 128, 249

near White Plains.............................................._^^^
Poor Fork at Cumberland................................................................................................................................ 133
Poor Fork at Harlan-Letcher County Line...................................................................................................... 132, 254
Prestonsburg, Levisa Fork at........................................................................................................................32-33, 166
Priceville, Bacon Creek near........................................................................................................................... 107, 229
Pryorsburg, Obion Creek at............................................................................................................................ 158,280

Red Bird River, near Big Creek........................................................................................................................69, 201
Red River, at Clay City..................................................................................................................................... 73, 203

near Hazel Green........................................................................................................................................72, 203
Rhoda, Beaverdam Creek at............................................................................................................................ Ill, 232
Rock Lick Creek (Green River Basin), near Glen Dean................................................................................. 122, 244
Rock Lick Creek (Licking River Basin), near Sharkey ....................................................................................51, 186
Rockcastle River, at Billows........................................................................................................................... 143, 264

at Rockcastle Springs............................................................................................................................... 143, 264
Rockcastle Springs, Rockcastle River at......................................................................................................... 143, 264
Rolling Fork, near Boston.................................................................................................................................95,219

near Lebanon..............................................................................................................................................93,219
Rose Creek at Nerjo.......................................................................................................................^
Rough River, at Falls of Rough ...............................................................................................................123-124, 245

near Dundee ......................................................................................................................................125-126,247
near Falls of Rough.................................................................................................................................. 122, 243
nearMadrid.........................................................................................................................^
North Fork, near Westview...................................................................................................................... 121, 243

Rowena, Cumberland River near............................................................................................................148-149, 271
Russell Creek, near Columbia......................................................................................................................... 102, 224

near Gresham........................................................................................................................................... 102, 224
Russell Fork at Elkhorn City........................................................................................................................29-30, 163

Sadieville, Eagle Creek at .................................................................................................................................83,212
Salt River, at Shepherdsville.............,..........................................................................................................92-93, 2

near Harrodsburg .......................................................................................................................................86, 215
near Van Buren..........................................................................................................................................86, 215

Salvisa, Kentucky River at Lock 6, near...........................................................................................................78, 209
Salyersville, Licking River near........................................................................................................................47, 182
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Sassafras, Carr Fork near ......................................................................................................................... ....59-60, 194
Saxton, Clear Fork at ...................................................................................................................................... 139, 261
Scottsville, West Bays Fork at........................................................................................................................ 114, 236
Sharkey, Rock Lick Creek near ........................................................................................................................51, 186
Shelby Creek at Dorton.....................................................................................................................................30, 164
Shepherdsville, Salt River at........................................................................................................................92-93, 218
Shopville, Buck Creek near ............................................................................................................................ 145, 267
Silver Creek near Kingston. ..............................................................................................................................75,205
Simpsonville, Plum Creek Subwatershed No. 4, near ...................................................................................... 87, 216
Smith, Martins Fork above.............................................................................................................................. 133, 255
Smith, Martins Fork near .........................................................................................................................134-135,256
Somerset, Pitman Creek at .............................................................................................................................. 147, 269

Pitman Creek near.................................................................................................................................... 147, 269
South Elkhorn Creek at Fort Spring.................................................................................................................. 80, 210

near Midway ................................................................................................................................... ...........81,210
Springfield, Beech Fork near ............................................................................................................................94, 219
Staffordsville, Paint Creek at ............................................................................................................................ 35, 169
Stearns, South Fork Cumberland River near .................................................................................................. 145, 268
Stillwater Creek at Stillwater ............................................................................................................................ 72, 203
Stoner Creek at Paris.........................................................................................................................................54, 190
Stopover, Right Fork Hurricane Creek near .....................................................................................................37, 171

Tallega, Middle Fork Kentucky River at .....................................................................................................67-68, 200
Taylorsville, Brashears Creek at ....................................................................................................................... 87, 215
Tennessee River near Paducah. ................................................................................................................ 152- 153, 275
Tollesboro, Cabin Creek near ........................................................................................................................... 46, 181
Tradewater River, at Olney. ............................................................................................................................130,252

nearDalton............................................................................................................................^
Triplett Creek, at Morehead .............................................................................................................................. 50, 185

North Fork, near Morehead........................................................................................................................ 50, 185
Troublesome Creek at Noble ............................................................................................................................ 62, 196
Tygarts Creek, at Olive Hill ............................... ...............................................................................................45, 180

........................................................»^ 180

Uniontown Dam, Ohio River at ...................................................................................................................... 130, 175

Van Buren, Salt River near. ............................................................................................................................ ..86, 215
Van Lear, Johns Creek near ..................................................................................................................... ....34-35, 168

Waterford, Little Plum Creek near.................................................................................................................... 89, 216
Plum Creek at..........................................................................................................................^
Plum Creek Subwatershed No. 17, near ................................................................................................ ....89, 216

Wax, Nolin River at ........................................................................................................................................ 107, 229
West Bays Fork at Scottsville ......................................................................................................................... 1 14, 236
West Hickman Creek at Jonestown ..................................................................................................................77, 207
Westview, North Fork Rough River near ....................................................................................................... 121, 243
Whippoorwill Creek, near Claymour............ .................................................................................................. 150, 272
White Mills, Nolin River at............................................................................................................................. 106, 229
White Plains, Pond River near........................................................................................................................ 128, 249
Whitesville, South Fork Panther Creek near................................................................................................... 129, 250
WiUiamsburg, Cumberland River at ............................................................................................................... 140, 260
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Wilsonville, Plum Creek near...........................................................................................................................88,216
Wilsonville, Plum Creek Subwatershed No. 15, near.......................................................................................88, 216
Winchester, Kentucky River at lock 10, near ..............................................................................................73-74, 204
Wood Creek near London............................................................................................................................... 142, 263
Woodbury, Green River at lock 4, at....................................................................................................... 117-118,240
Wooton, Cutshin Creek at.................................................................................................................................65, 198

Yale, Licking River at.......................................................................................................................................48, 183
Yatesville, Blaine Creekat................................................................................................................................39, 173
Yellow Creek near Middlesboro..................................................................................................................... 138, 259
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